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INVESTIGATION ‘OF CONDITIONS FOR THE ISOLATION 
OF CEMENTITE FROM IRON CARBON ALLOYS 


R. B. Golubtsovs 
A. A, Baikov Institute of Metallurgy, Acadeiny of Scleaces, USSR 
(Presented by Academician L P. Bardia, August 8, 1958) 


In connection with investigations on the fsotope ratio of stzble carbon isotopes in natural materials, which 
are being carricd out by the Institute of Geochemistry aad Analytical Chemi:zy of the Academy of Sciences 
USSR, the necessity has arisen for the preparation of pure cementite for the purpose cf developing our metho’. 
Work devoted to the study of the chemical properties of {roa carbide has tren carried out by a number of authors 
{1} The isolation of iron carbide has been accomplished by chemical so'=tica of stcel In acids znd by anodic 
solutica of steel ia various electrolytes. A detailed review of the work hos bezn preseated in the book by N. M. 


Popova fi} 


In her investigatioas of carbon steel after annealing in the 
temperature interval 200-450°, N. M. Popova established that iroa 


0 carbide has a usiform compositica corresponding to the formula 
at all aancaling tempecatares According to the literature 
cemcatite crystallizes ia 22 oxthorhombic lattice with the parame 
BSS) eters a=4.51 A, b= 5.073 A, and c=6,730 A, The present work 
“4 constituted a study of the ecadcitieas for the isolation of cemeatite 
500 from carbon alloys followed by microctemical analysis of the 


phase. The method of the investigation was based on electrochemie 
cal, anodic solutioa of the metal of the sample. 


In order to est2blich the eptimum conditions for the electrole 
ysis, the effect of the ecsceatrations of hydrochloric and citric 
acids in the electrolyte, the chazge in the current density during 
the course of the experiment, and also the electrolysis time were _ 
investi,ated. Special experimests were camtied out to establish the 
effect of temperature on the quantitative separation of the ce- 

mentite, 


The samples used in the investigation were alloys® having the chemics! composition (in welght percent}: 
C 5, Fe 95; C 2 and Fe 98%, The alloy sample being investigated served 3s the anode; for this purpose, §2 was 
shaped into a cylinder (tength =50 mm, diam. = 10 mm). Current density aad electrolyte composition were 
varied, Electrolytes described in the literature for the separation of troa carbides from steel consist of a mixturs 
of HC} (1.19), citric acid, and saturated KC] solution [4, 5} 


Our investigation oa the fsolation of metallic compounds form complex alloys [6] showed that the separae 
thon of the carbide phase {s coavenlenily carried out in an electrolyte consistisg of a mixture of hydrochloric 
and clule acids without potassium chloride [6} 


Fig. 1. Elecucde potentials for Fe 
C alloy. Electrolytes, per 100€ ral 
of H,O 
I-5 ml HCl, 5 g of citric acid; 
I-10 ml HCl, 100 g of citic acid; 
UI-75 g KCl, 5g of ciuic acid. 


e The alloys were prepared by P, T. Kolomytsev. 
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N. M. Popova developed a method for the separation of disperse carbides of the cementite type, the method 
being based 02 anodic solution of the samples in a cooled, weakly acid solutioa of chlorides at low current density 
{7} The author reported that in the separation of disperse cementite, a current deasity of not more than 0,03 
amp/cm? must be used in order to avold exidatloa of the carbides (1) 


An order to select the cptimum electrolyte composition, we carried out potential measurements on alloys 
containing cementlte; the potentials were measured agajnst a calomel electrode [8-10] The results of these ex~. 
periments (Figure 1) show that the most favorable clectrotyte was No, 1, which consisted of 5 ml of HCl (1.19), 

§ g of citric acld and 1000 ml of H,0. 


During the study of the effect of the citric acid content of the elecurolyte containing 5 ml of HCI(1.19) 
and 1000 ml of H,0 on the composition of the anode residue under conditions which Included no cooling, a cure - 
rent density of 0.05 amp/cm?, and an electrolysis time of 1.5 Lours, it was found that an Increase fa the amount - 


TABLE 1 


Effect of Currcat Density of the Chemical Composition of the Anode Residue. Electrolysis 
time, 1.5 hours (without cooling). er Composition: 5 g of Citric Acid, 5 ml of HCI 
(1.193), 1900 ml of Water 


Found, wt. % ~ Found, atom % 
Curcent | Weight of 
density, | powder total 


amp/cin? collected, Fe 


100,03 75,04 | 24,96)100; 
100,08 74,85 | 25,14/10C 

99,97 73,27 | 
100,03 62,54 | 30,46;100 


of citric acid In the electrotyte had no effect on the yicld of anode powder nor on the chemical composition of the 
powder. In all experiments, the ratio of the iron content to that of the carboa corresponded to the theoretical value’ 
or oe approximated it, which indicates the presence of cementite Fe,C. Theoretically, 


Fe(wt. %) 
C(wt. %) 13,94 


or 3.0 atomic ratio, On the basis of these data, further experiments were carried out with an electrolyte having 
the composition 5 g of citric acid, 5 ml of HCl (1.19), and 1000 ml of wanes, From a comparison of the analyti- 
cal data (Table 1), it follows that a current density of 0.03-0.05 amp/ cm? is favorable and has no effect on the 
chemical composition of the FesC phase. 


The data from these experiments showed that the fron—carbon ratio in the phase corresponded to the stol- 
chiometric composition of cementite. 


Wich an Increase in the current density to 0.07 amp/ cm", partial oxidation of the carbide phase ini 
comma. as may ke seen from the decrease in the Fe/C ratio from 3.0 to 2.71. At s current density of 0. 1 
amp/ cm’, this zatlo decreased to 2.28, which indicates decomposition of the cementite residue. 


In order to have a basis for determining the optimum conditions for the isolation of Fe,C, it was necessary 
to confirm the reproducibility of results obtained at various electrolysis times in the same electrolyte (Table 2. 


As seen from the experimental results, which exhibited good reproducibility,, in all cases and with all 
alloys, a compound of the stoichiometric composition Fe,C was separated. Consequently, decomposition of the 
carbide phase did not occur during 1.5 hours of electrolysis, For purposes of comparison, experiments were also 
carried out In which the electrolyte was cooled to 0°, the temperature rising to +4° during the electrolysis, It 
was found (cf, Table 2) that the separation of cementite from the alloys investigated could be carsled out with 
satisfactory sesuits without cooling (at a current density of 0.03-0.05 amp/ cm’); this Is a feature of the proposed 
method, Under the experimental conditions indicated, “— of the ceereiye has no advantage, ‘ 


0.03 | 0.0410 | 93,40 | 6.68 3.00° 
0.05 | 0:0110 | 93°34 | 6.74 2°97 
| 010522, | 92°68 | 2:71 
0,10 } 0:0520 91.42 | 2,28 


TABLE'2 
Effect of Elecuolysis Time on Reproducibility of the Experimental Results, Electrolyte 
; pian 5 ml HCI (1. 19), 5 g of Citric Acid, 1000 ml H,O (without cooling) . 


Found, wt. % Found, atom % 


833383 


100,16 | 13,90 
100,05 | 13,93 
100,08 | 13,95 
100,15 | 13,94) 7 
100,05 | 13,93} 7 
100,08 | 13,85} 7 


0.0136 | 93,44 
93,35 
95,40 
93,45 
93,35 
93,34 


The tctal volume of electrolyte of the indicated composition used in- the experiment was 1000 ml}. The 
weighed sample— the anode (the ends of which were sealed with rubber tubiss) — was suspended by means of a 
wise in the center of the anode compartment, which was formed from tracing paper. The cathode was a stainless 
stecl, hollow cylinder. During the 1.5-hour period, the residue formed 02 the anode as a very dense, disperse 
powder. At the conclusions of an experiment, the sample was quickly submerged in a beaker containing alcohol, 
2fter which the residue was rapidly brushed off into a beaker containing water by means of a glass rod fitted with 
a rubber policeman. These operations must be carried out rapidly ia order to avoid oxidation of the powder. The 
powder was centrifuged and simultancously washed with aicohol by decantatioa from the test tube, and was thea 
placed in a sealed quartz tube, and the latter was heated to 160° on an oi] bath. The powder was dried in a stream 
of hydrogen. ‘ 


The cried powder was analyzed by microchemical and x-ray * methods. Foz the analyses, a portion of the 
powder in the range of 0.C1 to 0.015 g was weighed on microscales and dissolved in 10 ml of HCl (1.19), which 
was contained in a 100-ml beaker. After solution was complete, the solution was acidified with 4 drops of HNO, 
(1.40). The contenis of the beaker were evaporated to dryness. The dry reside was moistened with 10 ml of HCI 
(1:1) and evaporated to a pasty consistency; the paste was cooled, 10 ml of HC1(1:1) was again added, and the 
transpareat solution was transferred to a 100-ml volumetric flask, 2 ml of the solution was taken for the micro= 
chemical determination of iron, and was titrated with a sequestering agent, Triloa B (a disubstituted sodium sal 
of ethylenedisminetetraacetic acid 10, 11), from a microburet. The carboa was determined on a microsample, 

. which was placed in a small porcelain boat and burned in a tube furnace in a stream of oxygen at 1200°, 


The results of the x-ray analysis (Figure 2) confirmed the presence of pure cementite, 


Fig. 2 
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TERNARY SEMICONDUCTOR COMPOUNDS A! BV 8,V! 


L. D, Dudkin and A.°P. Ostranitss 
A. A, Balkov Institute of Metallurgy, Academy of Sciences,USSR ~ 
(Presented by Academician L P, Bardin, August 8, 1958) 


_ On the basis of the features of the crystallochemical structure of sem{conductors (the covalent character of 
the bonds, for the formation of which a specific concentration of valence electrons in the molecule !s required) 
and on the basis of the presently available experimental material, it can be concluded that ternary semiconducte 
ing compounds are formed oa the basis of binary compounds, of which one must be a semiconductor; the ratios 
of the molar concentrations of the initial components in the ternary compounds correspond to a ratio of simple, 


whole numbers, 
TABLE 2 ‘The present paper ts devoted to the clarification of ques- 
: tions relating to the existence and the physicochemical nature 
is ; of hypothetical ternary compounds of the general composition 
inary I VI ¢al— VI — 
corr Bn See (A*— Cu, Ag, BY Sb, Bi, B Se, Te) 1], the fore 
. _ mation of which, by analogy to the chalcopyrite group of semi- 
coaductors Al Allg (All — Al, Ga, In, T1), 1s assumed in 
ig the ternary systems Al— BY — BVI along the binary sections 
A,!BV1~ at a component ratio of 1: 
Cusese, We rE In spite of the relationship between the chemical come 
positions of the compounds AlBVB,VI and it is easy 
af to predict that they are nonisostructural; in order that tetras — 
hedral sp* hybrid bonds may be formed, and these bonds do 
oceur in the compounds AIAUI BVI, the concentration of vae 


=16); fo the compounds 


lence electrons In the molecule (Cy) must be equal to or a multiple of 8 (cA 

Fight ternary alloys based on the appropriate binary compounds were pzepared; the atomic compezitions of 
these alloys are presented in Table 1. p 


The samples were prepared by fusing the initial components in evacuated quartz ampoules and subsequently 
cooling the melts in air. The alloys were investigated by methods analogous to those described previously [2}, 


Investigation of the micrestructure of the cast samples established that only four of the eight compounds 
AlgYp, V1 actually exist: CuSbSe,, AgSbSe, AgSbTe, and AgBiSe,, and these crystallize directly from the melt, 
The sample having the composition AgSbTe, contained small deposits of tcllurlum eutectic along the grain boune 
daries, which were probably ccnnected with a shift of the phase of this compound toward the antimony-rich side, 


The microstructure of the alloys CuSbTe, and CuBiTe, were of the eutectic type; CuBiSe, and AgBiTe, were 
two-phase alloys, In Table 1, the compositions of the heterophase Inclusions are enciosed in parentheses, Two 
week annealing of the alloys at a temperature of 350° did not appreciably change their microstructures, yi 


The crystallization temperatures of the ternary compounds (Table 2) were determined from the heating and 
cooling curves of the single-phase alloys, and these same curves also confirmed that the compounds melted 
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TABLE 2 


Transforma-s AE, », Ker° 10? 
Uoptemp.. ev ohm™ degree-ikg/ mm? j 
AgSbSes  jm.p. 634 0,58 0,78 +418 2,5 208 
Te, |™-p. sot 2,4 
AgSbTes 
m.p. 792 a—0,H —106' 2.45 495 
298 p—1,10 422 —1443 
CuSbSe? |m.p. 472 3,4 499 
0,80 0,39 43438 


| TQuenched from 600°, *? Annealed at 150°. SQuenched from 400°. “Annealed at 150°. 


congruently, A thermal effect at a temperature of 298° was obsezved with the compound AgBiSez. A compari- 
son of the x-ray patterns of alloys quenched from temperatures <bo.e and below this effect showed that the effect 
is connected with a polyinorphic transformation of the ternary compound. . 


The specific electrical conductivity (a), the thennal 

AgSdTe, electromotive force (a), and the microhardness (Hm) (Table 

_ 2) were determined for the equilibrium alloys.corresponding* 
to the compounds AgSbSe,, AgSbTe,, CuSbSe,, and AgBiSe, 
On the basis of the measured values of the overall thermal 
conductivity and the values of the electronic thermal conduc- 
tivity, the coefficients of lattice thermal conductivity were 
evaluated for the ternary alloys (Table 2) by means of the 
Wiedemano-Franz rule, 


SbSe, 

The results of the measurements of the temperature 

pendence of the electrical conductivity of the compounds 

AlpVB,VI sre presented in Figure 1. The alloys of the compo- 

CuSbSe, sition CuSbSe,, AgSbSe, and AgBiSe, exhibited dependences - 
AZ & 


th o(T) of the type characteristic of semiconductors. In the case 
of the latter compound, the curve of Ing(1/T) had a sharp in- 
AgSiSe, flection ata np close to that of its polymorphic trans- 
‘ formation. 
wy, The energy of activation of Or: canton 


termary compounds were calculated irom o(T) (Table 2). ‘ 


te te The course of the temperature dependence of the elec- 
alloys. Y we trical conductivity of the alloy AgSbTe, up te 500° was Hke 

that of a metal, which may be explained by the resuls of the 
investigation of its microstructure. However, the absolute valucs of the thermoelectric properties of AgSbTeg 
indicate that the phase corresponding to this compound fs semiconducting in nature. 


Analysis of the powder pattercs of the temary alloys showed that the compounds AgSbSe, and AgSbTe, have 
face-centered lattices with constants (a) of §.77 and 6.07A, respectively. During the period in which our inves 
: tigations were carried out, a paper [3] appeared which confirmed these results. Moreover, this paper also - 


33 3,3 .33 
the positions of the atoms in the unit cell: Ag and St 000, 3° 3° 22. Se and Te 222° 07,02 0, - 


00 The compound CuSbSe; and the a-modification of the compound have more complex structure’, 


+\ | 
| 
? 


The determ{natioa of the structure of B-AgBiSe, requires a high-ternperature 
X-ray paticm, on the pattcims of samples quenched from 600°, there were 


_ these lines were in addition to intense lincs corresponding to a face-centered 
lattice. 


The corresponding binary components of thecompounds of the type 
AlpVB,¥1 have a related crystallochemical nature. Therefore, the reasons for 


the stability of the ternary compounds must be sought {a the pecullaritles of 
their chemical structure, 


In order to clarify the nature of the Intcratomic bonds leading to the 
formation of semiconductors of the type AlpVB.Y!, we started with an anal- 
ysis of the crystal structure of AgSbSe, and AgSbTe,, the basic features of 
which are the equality of the interatomic d'.tances Se (Te) and Sb—Se 


af] - (Te), the right angle between the bonds, the qualitative Identity of the position 
- in the lattice of the atoms of Group VI [Sey(Tey)cocidinates 4 Sb and 2Ag, 
Sb and 4 Ag), and the increase in the coordination number of the 
Fig. 2 Scheme of the antimony atsms [6] over thelr maximum valence. The latter fact, zccording 
chemical bonding in the to L. Pauling [4] indicated the presence of one unfilled band in the antimony 
compounds AgSbSe, and atoms in crystals of the ternary compounds. 


AgsbTe3. Figure 2 presents a scheme of the states of the bonding electrons of the 


' atoms in AgSbSe, and AgSbTe,; this schemie takes into account the features 
mentioned above. 


Os the bas{s of values of the fonic and covalent radfi [5] and 02 the basis of the assumption that, for a give 
en atomic species, the filling of the bands with electrons is accompacied by a charge of the same amount {a 
the dimensions of the atoms, we found the following radii: Sb*, Se~ and Te”: 1.30, 1.58 and 1.79 A, respectively, 
Considering the approximate nature of cur calculations, {t appears that the calculated values of the Interatomle 
distances (Ag* Se~ = 2.84, Sb* — Se” = 2.88 A. Agt = 3,05A, Sb* Te” = 3.03 A) are a good agreee 
ment with the actual fateratomlie distances in the compounds AgSbSe, and AgSbTe, (2 88 and 3.044). 


Assuming that the scheme presented ia Figure 2 is the most characteristic one for all of the compounds 
AlpVpeYE, it Is possible to deduce the basic qualitative conditions determining thefg stability. 


Since, according to the scheme of Figure 2, covalent bonds are formed between the atoms BV and BYI, they 
are the “rigid” basis of the crystal lattice. The fons Al are disposed Inside this framework in conformity with the 
requirement: for neutralization of the negative charges. Therefore, in the case where the atoms A! and BY have 
considerably different volumes, aloose, unstzble lattice must be formed. The effect of this chiefly geometric 


factor can explzin the fastability of the compounds CuBiSe, and CuBiTe,, in which there {s more than a 60% dif- 
ference in the fonic radii of Cu* and Bi*, 


A second stabilizing condition {s the rather large difference between the electronegativity of the elements 
of Group VI and that of the electropositive atoms A! and BY. The change in this factor can explain the existence 
of the compounds CuSbSe, and AgBiSe, and the instability of the analogous compounds with tellurium., 
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THE CHEMICAL STRUCTURE AND CERTAIN PROPERTIES OF 
DIACYL DERIVATIVES OF PHENYLHYDRAZINE 


N. I, Latosh and Z. V. Pushkareva 
S. M, Klrov Ural Polytechnical Institute 
(Presented by Academician L N. Nazarov, November 20, 1956) 


%n a previous communication [1], we described the preparation of diacylphenylhydrazines cf the general 
formula (1), which are analogs of the analgestic dioxypyramidon (11) but which are less toxic than pecs 
and have quite as good an analgesic action, 


In addition to pharmacological tests, the absorption spectra In the ulraviolet region and the dipole moments 
of these substances weze also studied. Coasideration of the ultraviolet spectra of the mono- and diacylhydrazines, 
both substituted and unsubstituted at the B -nitrogen atom (Rj) perinitted us to trace the effect of various Ry Ry 
and Rj radicals oa the electronic structure of the molecules 2s a whole, 


_ Spectra were obtained for 30 substances; 22 of the spectra 
were taken for the first time ®. The spectra were recorded with 
anSF-4 spectrophotometer; the substances were dissolved in ab- 
solute alcoho} at a concentration of 10°’mole/ liter. The results 
are presented in the form of curves showing the change in the 
absorption coefficient (€) with wavelength, and are also presene 
ted in Table 1, A comparative consideration of the spectra pere 
mitted the following, not uninteresting observations. 


it is seen from Figure 1 that the spectrum of unsubstituted 
phenylhydrazine (Curve 1) does not differ in form from that of 
aniline (Curve 2), but the second maximum for phenylhydrazine 
is shifted 6 mp in the long wavelength direction. The Introduce 
tlon of an acetyl group at the B-nitrogen atom has very Httleef- 
fect on the optical properties of the molecule (Curve 3); oa the 


The spectra of the Individual monoacy] derivatives and the 
Fig. 1. 1) Phenylbydrazine; 2) ant anilides have been obtained previously [2], however, they were | 
again obtained in the present work in order to assure rellable 
comparisons, 


line; 3) B-acetylphenyihydrazine; 
4) acetanilide; 5) a-acetylphenylhye 
drazine, . 
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TABLE 1 


Ultraviolet Spectra 


Prep, Hex 
No. Substance maxima minima : 10! 


mB Ig ige 


Aniline | 286 3.240 262 | 2.870 | 1.53 [4) 
25 3 990 
Phenylhydrazine 283 3,200 263 | 2.980 1.7 (3) 
241 3.970 | 
- Acetylphenylhvdrazine 281 3,220 252 | 2,870 4.61 
234 4.055 
8 -Benzoylphenythydrazine 274 3.550 3.460 
235 4.210 
B -Acetyl-8 -methylphenylhy~ 282 3.195 2.544 
drazine 234 4.086 
a-Acetylphenylhydrazine 125 238 3.780 | 
a, B- Diacetylphenylhydzazine 107 228 3.861 
a8 - Diacetyl-B -methylphenyl- 
hydrazine 
ct- Diethylaminoacctyl-B-meth- 
yl-B -acetylphenylhydrazine | b.p.160-175mm] 263 4.014 
a-Phenylacetyl-B -methyl-B- 
acctylphenylhydrazine 82 228 3.900 
a-Cinnamoyl-8 -methyl-B -aces 143 293 4.284 
tylphenylhydrazine 222 4,215 
a-Benzoyl-8 -methyl-8 -acetyl- 114 258 3.563 
phenylhydrazine . 215 3.950 
@-(p-Bromobenzoyl)-B -methy!- 126 263 3.970 
B-acetylphenylhydrazine 229 4.214 
@-(o-Hydroxybenzoyl)-8 -meth- hot clearly expressed, absorption region 
yl-8 -acetylphenylthydrazine from 308 my 
a-(p-Dimethylaminobenzoy!)- 
8-methyl-B -acetylphenyl- 154 4.438 216 5} 3.715 
hydrazine 4.173 | 
a-Isonicotinyl-B -methyl-B- 165 3.847 245 | 3.269 
acetylphenylhydrazine : 4.150 
- Dibenzoyl-8 -methy 
phenylhydrazine 145 4.239 
N,N’ -Diacetylhydrazobenzene 105 4.082 
-Dibenzoylhydrazobenzene ‘161 4.150 
4.451 
N-Benzoyl-N’ -acetylhydrazo- 
benzene learly expressed 
Dioxypyramidon 105 3.971 
Pyramidoa 127 3.987 255 
4.039 
Acetanilide 114 4,240 
Diethylaminoacetanilide p.p. 154~-57/] mm 4,230 
Phenylacetanilide 117 4.260 
Cinnamanilide : 151 4,412 
. 4,286 
Benzanilide - 163 4,200 
4,194 


b.p.175-8/Sinm] 228 | 4,012 


| 
1 
4 
5 
6 
1 
8 
| 9 
10 
11 
| 12 
14 
15 
| 
16 
11 | 
18 
19 
20 
a 
22 
23 
25 
4 28 
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TABLE 1 (continued) 


Prep. Ultraviolet Spectra 


Substance M.p.*C maxima |. minima p expt” 


p-Bromobenzanilide 201 269 4.186 24 | 4.150 

v1 4.184 
Salicylanilide 135 4.241 238 13.976 | 4.09 
30 Lonicotinanilide . 172 273)! 4.031 240 19,592 


other hand, the inuoduction of an acetyl at the a-nitrogen atom leads to a sharp chaoge fo the spectrum (Curve 
5) as compared to the specuum of unsubstituted phenylhydrazine. The absorption maximum for a-acetylpheayle 
hydrazine Mes in the same region as the maximum for acetanilide (Curve 4), and differs from it merely 1a ine 
tensity, 


Fig 2. 1) a,8-diacetyl-8- methylphen- 
ylhydrazine; %) a-diethylaminoace- Fig. 3. 1) Acetanilide; % diethylam{- 


ty]-B -acetyl-B -methylphenylthydrazine; 
3) a-phenylacetyl-6 -acety1-8 -methyle 
phenylhydrazine; 4) a-cinnamoyl-B- 
acetyl-B-methylphenyihydrazine; 5) 
a&-beazoyl-B -acetyl-b -methylphenyl- 
hydrazine, 


noacetanilide; 3) pheaoylacetanilide;; 
4) cinnamaniide; 5) benzanitide, 


In the case of aniline, phenylhydrazine, and B-acety}phene 
ylhydrazine, the unshared pair of clectrons of the a-nitrogen 
atom are apparently conjugated with the electrons of the bene 
zene ring (Formulas Il, IV, and V), but with the inuoduction of 
. an acetyl or other acy! group into the «a-position, the unshared 
pals of electrons of the a-nitrogen atom are attracted toward the carboayl group, and conjugation is disturbed 
(Formula VD. 


In the case of «,8-diacylhycrazines, the character of the ultraviolet spectra depends to a great extent on 
the chemical structure of the R, radical in the a-acyl group (Figure 2). Moreover, the {nuoduction of polar groups 
into the @-acy! group, but not bonded to the carboay) “conductors” of the ccnjugation (double bonds, phenyl groups, 
etc.), Causes almost no change in the absorption spectra as compared to the unsubstituted a-acetyl derivative 
(Curves 1, 2, and 3), The presence in the a-acyl group of substituents bonded to the carbonyl *conductos® of 
conjugation leads to a radical change in the absorption spectra. This may be scen from the curves for the ae 
clnnamoy) and a-beazoy! derivatives (Curves 4 and 5). 


The nature of the effect of a radical attached to the a-acy! group of a diacylphenylhydrazine on the elece 
tron system of the molecule caa de seen not only in the spectra of the diacylhydrazines, but also in the spectra 


a 


No. 

. 

& Vv 
/ 
: P 
4 
° 
2 


of the simpler “model” molecules anilides of the acids corresponding to 
the at-acyl group (Figure 3). Precisely the sasne regutarity Ls observed here 
-as In the case of the dlacy] derivatives of phenylhydrazine (Figure 2). 


In other words, the spectra of the varlous diacyl derivatives of phenyl- 
hydrazine differ from one another in the same manner as the spectra of the 
anflides of the acids corresponding to the a-acyl group. Moreover, the sim- 
ilarity of the spectrum of the anilide to the spectrum of the corresponding 
diacylphenylhydrazine Js closest in those cases where there fs a considerable 
conjugation effect in the a-acyl group, 


In the case of the a-benzoyl derivatives of B-acetyl-B-mcthylphenyl- 
hydrazines and also {a the case of the corresponding anilides, the intoduc- 
tion of electron-donor substituents Into the o- or p-position of the benzene 
ring (R3) exerts a stronger effect on the change In the spectrum (as compared 
to the unsubstituted a-benzoyl derivative) than does the Introduction of elec- 
tron-acceptor substituents. 


Fig. 4. 1) a,8-Diacetyl- 
phenylhydrazine; 2) a,8- 
diacety!-8 -methylphenyl- 
hydrazine; 3) N,N'-diace- A comparison of the spectra presented in Figure 4 {3 interesting. It 
tylhydrazobenzene, appears that the fotroduction at the B-nitrogen atom of methyl or phenyl 
radicals or of an acyl group has a slight effect on the opiical properties of 
the molecule. 


_ Since the alm of the present work was to shed some light on questions relating to the connection between 
chemical structure and analgesic activity of phenylhydrazine derivatives and since their polar properties are very 
significant with respect to this connection, we also measurcd the dipole moments of 21 of the compounds synthe- 
sized (of which, 20 were measured for the first time). The measurements of the dipole moment and density of so- 
lutions of the compounds were carried out by the beat method in benzene at 25°42 0,01°, ) . 


Attention Is directed to the similarity In the experimental values of the dipole moments of anllldes of acids 
in which the structures of the acid radicals are very different (Nos. 23-29 in Table 1); moreover, these values dif- 
fer little from the dipole moments of acetamide [6](p = 3.72 D) and benzamide (6){p =3.60 D). It is apparent 
that these values of the dipole moments of anilides and amides are predominantly determined by the distribution 
of electron density in the amide part of the molecule, 


The dipole moment of phenylhydrazine (up =1.7 D) differs little from the dipole moments of anilide (p = 
1.53 D) and hydrazine =1.83 D); f.e., the moments of N-H, and are approximately compen- 


sating. Apparently, the angles between the bonds H~N-H, H~N-C,Hy, and H~N-N are approximately the same 
and equal to that in hydrazine [7} 


The dipole moments of dlacylhydrazines differing in the structure of the a-acyl group differ little from the 
dipole moments of the corresponding arilides In those cases where the acyl group is a substituted or umubstituted 
acetyl (Nos, 8, 9, 10, and 11, and 23, 24, 25, and 26, in Table 1) and differ sharply when the acyl group Is a sub- 
stituted or unsubstituted benzoyl (Nos, 12, 13, 14 and 15, and 27, and 29 in Table 1) 


Ir {s not clear, at fizst glance, why there {s a sharp increase in the dipole moment of a-benzoy!-8 -acetyl- 
B-methylphenylhydrazine as compared to VII if cognizance {s takea of the fact that the dipole moments of acet~ 


anilide and benzanilide are approximately the same (3.72 and 3.32 D) and that die right hand part of the mole 
cules are identical. 


/ 


The hypothesis arlses that the considcrable eclectron-conjugation effect fa the ‘nals acid hydrazide sys- 
tem (LX) leads to the formation of a planar molecule. This is conficmed by a calculation carried out by vector 
- summation (for (Vil), Peale for a planar structure fs 5.02 


In conclusion, it should be pointed out that not cne of the compounds favestIgated Sas clther free rotation 
about the NN hydrazine bond of a trans configuration of the acyl group. 
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_ HIGH- TEMPERATURE CONDENSATION OF ALKYLDICHLOROSILANES 
WITH CHLOROOLEFINS 


Vv. F. Mironov, Corresponding Member AN SSSR A. D. 
Petrov and V. V. Pisarenko 


N. D, Zelinksli Institute of Organic Chemisuy, Academy of Sciences, USSR 


Agre fl, 2] has recently shown that when a mixture of polychlorcethylenes and wichlorosilane Is passed 
through a tube heated to 500-600°, coadensation occurs accompanied by elimination of HCI, and so 
trichloro:llanes are formed: 


on 
——-> CIC. CHSICI, + HC, 


We have shown [3, 4] that trichlczorilane can be replaced fn these reactions by CH,HSiC1, and C;H,Cl,SiH, thus 
making possible the syomems, in good yields, of cichlero:ilanes formed during the TT of Mnear siloxane 
polymers. 


Finally, we discovered [4] that yields of more than 50% of vinylmethyldichlerosilane can be obtained by 
condensation of vinyl chloride and CH3C1,SiH in an empty glass tube at high temperature (600°). 


ont 


In the present investigation, we found® that C,H,SiC1,H condenses with vinyl chloride to give a good yield 
of viny!ethyldichlorosilane; the yleld (27%) is not changed if the glass tube is packed with glass rods, A change 
from an empty glass tube to an iron tube also has substantially no effect on the yields of RC1;SiCH=CH;. Howes 
ever, trialkylsilanes cannot be condensed with vinyl chloride, and in this case the reaction proceeds differently: 


We further found that the condensation of CH,C1,SiH with both cis- and trans-dichlorcethylenes leads to the same 
results, to a 20% yield of CIHC = CHSiC1,CHy and an 18% yield of Cl,CH,SiCli = CHSiCH,Cl,, the structure of 
which was proved by methylation and by the complete correspondence of the Raman spectrum® ® with known. 
(CH )3SiCH = CHSi(CH,), 


It is interesting to note that regardless of whether methally! chloride or >sebiainagiiis chloride is used 
in the condensation, In elther case was obtained chieNy Cl{CH,SiICH = C(CH,), (~13%), insignificant amounts 
of CI{CH;)SiCH{CH)C=CH, and a mixture of xylenes. 


°The Wegenberg patent [5Jrelating to thisreaction became known tous after completion of the previous [4] and the 
Present work 

* ©In the present work, the Raman (RS) and fofrared (IR) spectra were obtained and Intespreted by L, A, Leites and 
Yu. P. Egorov, to whom we express our sincere appreciation, 
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Allyl chloride also condenses with methyldichlorosilanc to give a 30% yield of allylmethyldichtorosilane 
and some propenyliunethyldichlorosilane; however, when this reaction is carried out in an Iron tube, considerable 
amounts of propenylmethyldichlorosilane are formed. Aryl chlorides alsourdergo this high temperature conden- 
sation in a manner similar to chloroolefins. Thus, for example the following reaction occurs with a 13% yleld: 


Saturated alkyl halides, methyl, propyl, and lsopropy! chlorides and dichloromethane, proved to be incapable of 
undergoing condensation with silanes containing and Si—H bond. The condensation of CH,C1,SiH with ethylene 
proceeds by an unexpected, but Interesting route; vinylmethyldichlorosilane fs obtained in 14% yleld as the major 


product of the reaction: 


CH CH, == CH; -» CHCI,SICH = CH: Hy. 


Finally, we attempted to carry out the condensation of CICF=CF, with CH,CI,SiH. However, at temper= 
atures above 500°, flame and sharp reports continuously occurred Jn the reaction tube, so:netimes Icading to 
destruction of the tube. “levertheless, from the resulting condensate we were able to isolate a fraction boiling 
at 97-100°, n’°p 1.3904, d’*, 1.3311, which probably (on the basis of the Raman spectrum) contained CH,C1,SiF=CF, 


EX PERIMENTAL. 


Vinylethyldichlorosilane CH, = CHSiCI,C,Hs. A stream of vinyl chloride was passed (at 15 liters/hour) 
through an empty glass tube, 20 mm in diameter and 600 mm long, heated to 560°, To this same tube was ad- 
ded 300 g of C;H,Cl,SiH at a rate of 1 drop per second, the addition requiring 3 hours and 40 minutes. 246 g of 
condensate was collected in a trap cooled with fen. and pray of the condensate in a column gave 60 g of 
vinylethyldichlorosilane, b.p. 322.5°(753 mm) n = 1.4398; d™.=1.0712; MRp obtained 38.15, calculated 
38.21. The yield was 16.7% or 25% of the sanesed C2H,Cl,SiH, Literature data 8} b.p 127-1238) n"'D 1.4302, 
1.0461, b.p. 119/748 mm, n™D 1.4385, d™, 1.0664, 


B-Chlorovinylmethyldichlorosilane CICH = Methyl dichlorosily1) ethylene CH3C1,SICH == 
CHSiC1,CH3. A mixture consisting of 190 g of methyldichlorosilane and 150 g of trans-dichloroethylene was pas- 


. sed through the above described tube at 600° for 3.5 hours. Deetiation of the condensate in a column gave 48 g 


of [4], b.p. 138-139; n 4690; a” 41.2629; and 42 of CH;C1,SiCH= 
CHSIC1,CHy b.p. 196°, n™p 1.4870, 

Ramanspectrum: 165(5); 206(2); 242(0); 300(3); 335(2b); 432(1),486 (10); 496 (7); 548(2v.b.): 702.01 3.1: 
118 (0); 796 (0); 996 (2s); 1040 bes p): 1260 (0); 1289 (10s); 1400(3); 1572 (2:8. 1.); 1613 (0); 2871 (0); 2907 (10); 
2950 (3); 2975 (7); ‘4 

Infrared spectrum: 153 (wy; 766 (w); 848 (w); 918 (w); 947 (w); 1005 (s); 1036 (w); 1076 (w}; 1123 pgp: 
1180 (s); 1262 (s); 1318 (w); 1341 (ww); 1362 (w); 1405 (s); 1561 (v. w.);1614 (v.w.}; 


A similar experiment with cis-dichloroethylene led to practically the same results, 


2-Methylpropenylmethyldichlorosilane CH,C1,SICH = C(CH;),A, A mixture consisting of 130 g of 2-methyl- 
propenyl chloride [9] and 157 g ofmethyldichlorosilane was passed through a tube at 600°. Two-fold distillation 
in a column gave 22 8 of a fraction boiling at 138-141° and 29 g of 2-methylpropenylmethyldichlorosilane; b.p. 
153°; n™p 1.4582; d™, 1.0697; MRp found 43.41, calculated 43.41, The yield was 15%, 


Found %: C 35,90; 35:78; H 6.19; 6.13; Cl 42.93; 42.56; Si 16.13; 15.81 CiHygSiCly Catculated 

C 35.50; H 5.95; Cl 41.92; Si 16,60 
+” Raman spectrum: 173 (2b); 219 (5); 245 (2); 266 (0); 303 (2b); 370 (5); 498 (5); 450 (4); 470 (1); 510 (58); 
$42 (1b); 710 (4); 754 (1b); 797.0); 858 (1); 968 (0); 1068 (3); 1147( 2b db.) 1181 (0); 1216 (1b); 1259 (0); 1310 (3): 
136 (Ob); 1380 (6); 1410 (1); 1447 (8); 1623 (10); 2858 (2b); 2915 (10); 2944 (3p); 2983 (8b), 


Methylation of CH,C1,SiCH = C(CHy); led to (CH),SICH= C(CHY), which was tdénttea toa previously 
prepared sample [10] in constants Raman 
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2.04) 


while Fraction consistedof paraxylene and metaxylene with some 


* Original Russian pagination, See C, B, Translation, 


The fraction boiling at was also methylated with CHyMgCl; -distiMatton of the reaction 


. gave two fractions: 109-111° (1) and 138- 140° (Ll). Raman spectra were obtained for these two fractions, and ft 


was found that Fraction 1 was mainly CH, the specuum of which was obtained fo} 


B, A mixture consisting of 320 g of methylcichlorosilane and 205 g of methally) chloride was passed for & 
hours through a tube heated to 600°. Distillation of the condensate In a column gave 52 g of a fraction boiling 


‘at 138-141°, the spectrum of which was identical with the spectrum of this same fraction obtained in Experiment 


A, and 34 g of 2-methylpzopeaylmethyldichlorosilane, the spec sum of which was in complete agreement with 
the spectruin of CH,C);SiCH=C(CH), from Experiment A, 


Aliylmethyldichlorosilane CH, = CHCH,SiC1,CHs. A mixture consisting of 400 g of methyldichlorosilane 
and 220 g of ally] chloride was passed for 6 hours through a tube heated to 600°, Two-fold distillation of the cone 
densate in a column gave two fractions; 106-108* (I), 38 g, and &8 g of methylallyldichlorosilane (11, b.p. 1207 746 
mun); n?°D 1,4419; d™4 1.0743; MRp found 38,23, calculated 38.51. The yield was 32.6%, 


Raman spectrum: 197 (0); 228 (3b); 299 (1b); 328 (0); 393 (1); 410 (2); 469 (8b); 545 (1b); 602(1b); 649 
(0); 710 (2b); 773 (Ob); 807 (1b); 914 (1b); 1107 (Ob); 1172 (2b); 1300 (4); 1318 (1); 1399 (2: — 1636 (10); 
2912 (7); 2978 (2); 3011 (2); 3077 (2). 


The spectrum of Fraction I (b.p. 106-108") showed that it contained CH,CySICHCH= CH, and much beae 
zene iat other aromatic hydrocarbons. 


Vin ylmethyldichlorosilane CH, = CHSiCI,CHy. A stream of ethylene (15 litezs/hour)and 180 g of CH,C1,SiH 
were passed for 2 huurs through am esnpty ison tube heated to 600°. Distillation of the reaction products ina ~ 
column gave 20 g of a substance boiling at 89-93" which contained (on the basis of Rasnan spectra) mainly — 
methyldichlorosilane and some ethylmethyldichlorosilane, 
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POLYCONDENSATION OF €71E ETHYL ESTER OF GLYCINE 
IN THE PRESENCE OF ITS CARBAMATE 


K. T. Poroshin, Yu. I. Khurgin and T. D. Kozarenko 
N, D. Zelinksif Institute of Organic Chemistry Academy of Sciences, USSR 
(Presented by Academician B, A. Kazanskil, August 29, 1958) 


The first stage in the polycondensation of &-ainino acid esters in the presence of carbon dioxide is the fore 
mation of the carbamate A} 


R‘OOC 


This reaction proceeds practically {nstantancously {n comparison with all of the subsequent reactions (2). 
It can be assumed that the course of the polycondensation and the kinetics of the change In composition of the 
reaction products is determined by the zmount of carbamate with respect to the amount of amino acid ester (the 
monomer). It was previously shown that under otherwise equivalent conditions, the course of the polycondensas 
ton §s determined by the initial relative concentration of the initiator (3] and consequently, of the carbamate, 
In the absence of substances which act as {nitfators, both amino acid esters and their carbamates are relative= 
lystable compounds, However, ina mixture of the two, for example, after the additioa of carbon dioxide to 
an excess of amino acid ester, they interact, Le. polycondensation takes place, Hence it follows that the actual 
initiater of polycondensation of a-amino acid esters {s the carbamate, and not carbon dioxide, which serves a8 
a source of carbamate by Interaction with the ester. Consequently, when carbon dioxide is added to an amino 
acid ester, the stage In which the carbamate I[s formed {s not required for polycondensation; f.e. polycondensation 
can occur §f the carbamate is added directly to the monomer. On this bas{s, {t would be expected that the rate 
of polycondensation and the product composition cannot depend on the method used to introduce the Initlatog 


(whether by adding a given amount of carbon dioxide or by the direct addition of the corresponding amount of 
carbamate). 


The formation of carbamates {s a typical reaction of aliphatic amines with carbon dioxide [4 among the 


amine compounds undergoing this reaction are the amino acidderivatives with a blocked carboxyl group(amino 
acid esters and amides [2, 5, 6)): 


The equilibrium {s shifted completely to the righ: under the usual conditions [2, 6). Therefore, under the condie _ 
tions under which we previously carried out the polycondensation, all of the added carbon dioxide was bound by 
the amino acid ester. Carbamates of amino acid esters are comparatively stable at room tempe;ature. Thezmal 
decomposition of the carbamate of the ethyl ester of glycine begins at a temperature above 55°, 


The aim of the present work was to confirm the initiating function of carbamates during polycondensation 
of a-amino acid esters in the presence of carbon dioxide. The results of measurements of the rate of monomez 
consumption during the polycondensation of the ethy! ester of glycine are presented below for the case in which 
the reaction was Initiated by the addition of the corresponding carbamate, 


ae 
. 
i 
; ‘ 
{ 
; 
j 
: 

: | 


 {s a first order reaction; f.e., the order of the reaction is the same as when the initiator is carbon dioxide. The 


The ethyl ester of glycine ~ both that used as the monomer 
- and that used for the prcparation of the carbamate ~ was distilled 
and used immediately after the distillation, The carbamate was 
"formed in the reaction flask by placing in the flask the required num- 
ber of drops of ester (the amount was accurately determined by welgh- 
ing), adding absolute ester, and slowly bubbling dry carbon dioxide 
through the solution at —40°, After evaporation of the solvent, the 


completeness with which the carbamate was formed was determined 
from the welgnt Increase, which was due to the carboa dioxide which 


had reacted with the ester. The prescribed number of drops of mono- 
mer, the amount of which was again determined accurately by welgh- 
ing, were distilled into the flask, which was precooled to —40°, 

It was found that the desired relative initfal concentration of car- 
bamate could be obtained with an accuracy of 1% by counting the 
number of drops, All experiments were carried out at —40° and 

an initial relative concentration of initiator, i/m, of 0.05. Con- — 
sequently, the amount of glyciné ester used for the preparation of the carbamate was one-tenth that used as mon= 
omer, The amount of [rce monomer was determined gravimetrically after extraction of the hydrochloride with 
absolute ether [7]. The data on monomer consumption are presented In Figure 1, from which {t {s seen that this 


Fig. 1. Kinetics of the consumps 
tion of monomer during the poly- 
condensation of the ethyl ester 
of glycine in the presence of its 
carbamate (i/m= 0.05; 40°). 


rate constant for the consumption of monomer was sec mole We have previously shown that 
the rate of monomer consumption increases with an incrase in initlator concentration [3]. For the initial relative 
concentrations of carbamate used previously 3] down to i/m= 0.05, the average value of ky=k/(i/m) was 
1,73 -107?sec"*. mole™® for inittation oe carbon dioxide. In the present work in which carbamate was used as the 
initiator, Kg was 1.55- 1073 sec ~!-mole”! e f.e., kg is practically independent of the method of Introduction of care 
bamate. As seen from Figure 1, the first, rapid stage of monomer consumption is absent when the reaction fs inl- 
tiated with carbamate. On the other hand, when the reaction is initiated with carbon dioxide, there Is observed 
at the beginning of the reaction a fast stage, since oa extrapolation, the kinetic curves, which are linear when 
plotted on semilogarithmic coordinates, intersect the ordinate axis at points which correspond to a lower initial 
raonomer content than was used in the experiment. 


A study of the polycondensation products by paper ieieiiiiaies showed that the qualitative composition 
of the product does not depend on the method used to formthe initial reaction mixture. - 
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‘INVESTIGATION IN THE FIELD OF DSACETYLENE DERIVATIVES 


INTERACTION OF DIACETYLENE WITH PHENOLS, THIOPHENOL, AND 5 
BENZYL ALCOHOL 


M. F. Shostakovskif, A. V. Bogdanova and G. 1, 
Plotaikova 


we 


N. D. Zelinksil Institute of Organic Chemistry, Academy of Sciences, USSR 
(Presented by Academician B, A, Kazanskif, May 17, 1958) 


We have previously reported on syntheses based on the reaction of diacetylene with aliphatic and hydroaromas 


tic alcohols and with ethyl mercaptan [1, 2} These syntheses made it possible to prepare ethynylviny! ethers and } 
sulfides of the general formula CHy=2 CH = CH~ OXSR), acetals of butynal and difalkylthioe } 
(arylthio}) -1,3-butadienes RS“ CH = CH~CH 

% of 
Expt. No, |Moletatio Amout KOH,| Maximum re- 
diacetylene: | % of thio- action tempe- ifide (ID dithfophenyl-1,3- 
thiophenol | phenol rature?C butadiene (V) 

1 2:1 2 35-40 63.1 i 
2 1:1 rd 35-40 44.6 rd 
3 1:1 25-30 31.4 
4 1:2 0.2 35-40 68.1 


Since we desired to add che corresponding aryl derivatives to the list of available substances, we attempted 
to add phenol to diacetylene. However, under the conditions used for alcohols, phenol did not react with diacety- 
Icne in the usual manneg. Assuming that the reason for this was the effect of the benzene ring transmitted through tig : 
the oxygen atom, we decided to study the interaction of diacetylene with thiophenol and with benzy! alcohol oa a 
the assumption that this effect would be changed by the sulfur atom in thiophenol and by the distance of the bea- 
zene ring from the oxygen atom in benzyl alcohol Indeed, investigation of this reaction showed that — ale 4 
cohol and thiophenol smoothly react with diacetylene under mild conditions according tor 


~ oo 


i 


where RX = C,H,CH,~ O- (D; S-(D. 
The addition of asecond molecule of benzy! alcohol or thlophenol as a second stage of the reaction can oce. ks 


cur independently. With benzyl} alcohol, this stage proceeds by an lonic mechanism and leads to the formation 
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of the dibenzy! acctal of butynal, CHy~ C @C—CH(OCH,C,.H,), (II), The Jatter substance does not react with 
maleic anhydride, and {ts spectrum shows the presence of a triple bond. In the cate of thlophenol, the second 
stage ofthe Interaction with dlacctylene procecds mainly under the Influence of radical fnithators and results in 
the formation of dithlo derivatives of 1, 3-butadiene, 


Thus, ethynylvinyl phenyl sulfide adds thlophenol or ethyl] mereaptan with the formatioa of phenylihie- or 
3-butadlencs according to Equadoa (2). 
CH C—CH = CH + RSI RS — CH = CH —CH = CH—SCHs, (2) 


where R= C,H, (1V); Cel 


The rate of this reaction fs increased by KOH, azoisobutyrontitrlle, or increased ee and the “— 
of final products depends on the temperature and the initiator. 


As in the case of ethynylvinyl ethyl sulfide [2] this reaction proceeds smoothly under the Jafluence of radl- 
eal and can be recommended for the synthes{s of 


TABLE 2 


Mole ratio di- Yield % of tiicoretical 


Reaction tem- 
Expt. acetylene: ben- 
zyl alcohol perature, °C ether (I) acetal (10) 


80-85 16.0 


110 41.2 
125-135 19.8 43.6 
110-117 | 13.1 


The concentration of ethynylvinyl pee sulfide was determined by titration with mercuric chloride in al- 
cohol BL a method which we previously used for ethynylviny! ethyl sulfide it - 


The diphenylthio- and phenylthioethylthio-1,3-butadienes entered into Diels-Alder reaction with maleic © 
anhydride forming products which lost two molecvles of mercaptan under the reacdon conditions with the forma-. 
tion of phizhalic anhydride (6, 2} 


co 


—co 
—- 


Different reaction conditions were used for the reaction of diacetylene with phenol and with prtert-butyle - 
phenol (temperature, solvent, the presence of a stabilizer, etc.). Absorption of diacetylene was observed at 50°, - 
and, in all cases, was accompanied by the formation of an amorptious, solid material which was insoluble in the 
usual organic solvents; this was the of the, farther conversion the resulting 


> 
2 1:2 
4 1:3 
i 


TABLE 3 


Weight of sul- | 0.1 NNaOH | Sulfide found, % 
fide, g used, tn] of theoretical 


Expt. No. 


0.2050 j 12,47 97.61 
0.2029 (12.12 95.76 


from the initial reaction. The statements of a patent application [4] relating to the preparation of ethynylvinyl 
phenyl sulfide undes the conditions used in the present work were not confirmed, 


Interaction of diacetylene with thiophenol. 15.4 g of thiophenol, 0.07 g of KOH and 7 0 g of diacetylene 
were charged to a precooled reaction tube. With agitation, the reaction began at room temperature and the teme- 
perature rose to 40-50° due to exothermicheat. The stirring was continued for another Z hours After the mixture 
had been weated in the usual manner, distillation under vacuum geve 6.6 g (31.4% of theoretical) of ethyrylvinyl 
phenylsul fide (11). B.p. 92.0-92.5°/2 mm; n n™D 1.5298; d™, 1.0739; MRp found 53.07, calculated CyH,Sp 4g 50.22. 


Found %: C 74.84; 75.06; H 5.04, 5. 01; S 19.82 C,,H,S. Calculated %: C 74.96; H 5.03; S 20.01p 


6.7 g (17.7 of theoretical of diphenylthiobutadiene (V) was also isolated; b 201-202. oi. 5 mm; m 
40 0-40.5°. 


Found %: C 70.57; 70.40; H 5.14; 5.27; S 23.46; 23.4B CyHy,S9. Calceene : C 71.06; H 5.21 
$ 23.71 


The results of experiments caisten out under different conditions are presented in Table 1. 


Interaction of diacetylene with benzy] alcohol. 5.0 g of diacetylene was passed, over a period of 1.5 hours 
into a reaction tube containing a “72 solution of KOH in 32.7 g of benzyl alcohol; the reaction mixture was stied 
and heated to 116-118° during the 2ddition of the diacetylene. After an additional hour of stisting, the mixture 
was subjected to the usual treatment and distilled under vacuum. After distillation of the unreacted benzyl alco- 
hol, the following fractions were collected: Fracticn 1, 118-120°/8 mm 8.0 g; Fraction Il, 190-195°/8 mm, 3.8 
g: residue 0.7 g. 


Fraction I was ethynylviny! benzyl ether (1); b.p. 104-104.5°/3 mm; 1.5620; 1.0219; MRp found 
50,25, calculated for CyyH,OF4F MRp 48.51. The yield of the ether was 50. 6% of theoretical. 


Found %: C 83.57; 83.45; H 6.57; 6.44 CyH,O, Calculated %: C 83.51; H 6.37 


Fraction Il was the dibenzy! acetal of butynal (LIN); b.p. 176.5-177°/3 mm; n™p 1, 5550, a”, 1.0696. MRp 
found 79.92, calculated for CgH,sO, F3p¢ 79.34. The yield of the butynal aceta) was 13.1% of heneiind, 


Found %: C 81.19; 81.35; H 6.81; 6.79 C,H,,0,. Calculated %: C 81.18; H 6.18 
Molecular welght: found 252.1; 252.6; calculated 266.3. 


The results of experiments carried out under different conditions are presented in Table 2 


Interaction of ethynylviny! phenyl sulfide with thiophenol and with ethyl mercaptan [Equation(2)} 25g 
of ethynylvinyl phenyl sulfide, 5.1 g of thiophenol, and 0.01 g of azoisobutyronitrile were sealed in a tube and 
heated at 40-50° for 4 hours, after which the contents of the tube were distilled. After distillation of the excess 
thlophenol, 3.95 g of substance which crystallized in the adaptez was distilled; this proved to be diphenylthio-1,3- 
butadiene (V). B. p. 203-205°/1.5 mm; m.p. 40-40.5". 


Found %: C 70.75; 20.76; H 5.18; 5.14; S 23.77; 23,60; CygHy,S;. Calculated % C 71,06; H 5.213" 
§ 23.71 


The yleld of diphenylthio-1,3-butadiene was 94.1% of theoretical, 


Similarly, from 4.6 g of ethynylviny) pheny! sulfide and 9.4 g of thiophenol, which were allowed to stand 
in a sealed tube at 25-30° for 20 days, was obtained 4.8 g (62.3% of theoretical based on the sulfide used) of 
diphenylthio-1,3-butadiene, m.p. 40-40.5", 
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From 1.5 g of ethynylvinyt phenyl sulfide and 1.5 g of ethyl mercaptan In the presence of azolsobutyronitrlle 
was obtained 1.2 g (09. of based on the sulfide used) of (IV); b.p. 
166-167°/3 mm; n™D 1.6657; 1.1097, 


Literature data: b.p, 165-165.2°/2.5 mm (2]}. 


Condensation of diphenylthio-1,3-butadienc with malele anhydride [Equation (47. 1 g of diphenylthlobu- 
tadienc (obtained in the presence of nitrile), 0.4 g of maleic anhydride, and 10 ml of benzene were heated In a 
sealed tube for 10 hours at 130-140", 0.45 (35.5% of theoretical) of phthalle anhydride, m.p. 130-130.5° was 
obtained; a mixture with the pure compound showed no depression of the melting point. 


Phthalic anhydride was also obtained, in 73.5% yield, from diphenylthio-1,3-butadlene synthesized with 
KOH as the initiator. 


Quantitative determination of ethynylvinyl phenyl sulfide. A two-fold amount [according to Equation (3)}, - 
of a 20% solution of mercuric chloride in ethyl alcohol was added te 0.2 g of ethynylvinyl pheny! sulfide. After 
a day, the mixture was back-titated with 0,1 N NaOll in the presence of Methyl orange, However, a light cole 
ored precipitate of mercuric chloride interfered with the titration. 


Interaction of diacctylene with phenol and with p-tert-butylphenol. The reaction of dlacetylene with 
phenol was carried out under a variety of conditions. In experiments carried out at temperatures up to 50° (with 
alkali), the original material wes recovered completely. Absorption of diacetylene was observed at 50° when the 
reactants were mixed prior to the reaction and at 90° when the diacetylenc was passed into the tube containing 
a base, metallic sodium, or sodium phenolate. In all cases, the reaction resulted in the formation of an amorphous, 
solid product in 70-30% yleld based of the substance used; the product was insoluble In the usual organic solvents, 
The same result was obtained from the reaction of diacetylene with phenol diluted with decalin, paraffin hydro- 
carbon, vaseline oil, or water. The presence of p-toluidinediamine or hydroquinone had no effect on the results 
of the reaction, 


When the reaction with p-tert-butylphenol was catried out in the presence of KOH at 40°, the diacetylene 
was not absorbed, and the original matezials were recovered unchanged. Diacetylene was 2bsorbed at 55-60°, 
and an amorphous powdcr (38%) was obtained. 
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THE EFFECT OF HYDROGEN ON THE COURSE OF THE 
POLYMERIZATION OF ISOBUTYLENE OVER CATALYST FOR . . 
THE HYDROCONDENSATION OF CARBON MONOXIDE WITH OLEFINS 


Ya. T. Eidus and B. K, Nefedov 
N, D, Zelinskil Institute of Organic Chemistry, Academy of Sciences, USSR 
(Presented by Academician B, A. Kazanskil, September 22, 1958) 


It has repeatedly been pointed out In the past that when a mixture of hydrogen and e-olefins of normal 
structure is passed at atmospheric pressure and a temperature of 190° over a catalyst for the hy‘rocondensation of 
carbon monoxide with olefins (Co/clay), in addition to hydrogenation of the olefin to the corresponding paraffin 
ic hydrocarbon, the formation of liquid hycropolymerizate proceeds to a slight extent. The yield of the latter 
increases with an increase in the molecular weight of the orizinal olefin, and comprises (based on the weight of 
the original olefin) 0.07 for ethylene [1J, 1.973 forpropylene, 2. 1% for 1-butene [2] 7.0% for 1-pentene [3] and 
1.67 for l-hexene BJ. In the absence of hydrogen, either no polymerizate is formed, or it fs formed in an insige 
nificant amount, 


It has been proposed [5] that during the interaction of an olefin 
with hydrogen under the indicated conditions, alkyl radicals (half-hydroe 
genated forms of the olefins) are formed on the surface of the catalyst © 
as intermediate products; these radicals can initiate the polymerization 
reaction, 


8S 


The present work was carried out with the alm of investigating 
the proccss of the polymerization of isobutylene and the effect of hye 
drogen on this process undes the same conditions, 


EX PERIMENTAL 


The apparatus and experimental method were the same as those 
described previously in reference [6] The catalyst used was a preciple 
tated Co/clay (1: 2) catalyst [7] usually used for the hydrocondensatica 
of carbon monoxide with olefins and for the hydropolymerization of 
Fig. 1, Yield of liquid poly- olefins under the influence of small zmounts, of cargon monoxide [8} 
merizate, in wt. % of isobutyle The catalyst was reduced with electrolytic hydrogen at 450° for S hours, 
ene fed, at initial (1) and sta- and was regenerated in a similar manner. For comparison, fire clay, 
bilized (2) activity. preliminarily calcined at 450°in a sueam of air [7], was tested a3 8 

catalyst; this clay was used as the support for the Co catalyst. The vole 
ume of each catalyst sample was 30 ce. The glass reaction tube had 
a diameter of10 mm, The isobutylene feed was obtained by dehydration of isobutyl alcchol (b.p. 107-10s*; n”p 
1.3957; d™, 0.8019) over aluminum oxide, and was purified by twice condensing under vacuum, After purification, 
the content of carbon monoxide did not exceed 0.02%, and other impurities amounted to 1-2, All ae nine 
were carried out at atmospherle pressure, a temperature of 190°, and a space rate of feed gas of ~100 hours™4, 


based on fed, wt. 


Yield of hydropoly merizate 


3 
‘ 
‘ 
& 
Bec: 
: 
‘ 
i 
4 
i 
i 
ig | 
4 
| 
ow 
q 


. 


‘TABLE 1 


as comp, of IIquid poly 
Expt. vol * Run Merizate, wt, 


no, ime, reacted, reacted, | ofizobutyl- | of sobutylene 
Ssobutyl=| hydrogen} hours ene | reacted” 


Co/ clay catalyst 
4,7 


@ 

Boke 


~ 
— 


WOM 
-_ 


ON 


4 


Clay catalyst 


25 

26 
0, 
0 
0 
0 


Notes: 1) In Experiments 3, 5, 7, 9, 11, and 13, the catalyst was regenerated before the ex- 
periment. Morcover, in Experiments 7, 11, and 13, the freshly reduced catalyst was contace 
ted with the feed gas at a temperature of 190°, 2) eg eo No, 2 was used In ceseschgae 
15-18 and Catalyst No. 3 in ap esas 19 and 20. 


Experiments with Co/clay catalyst. In Table 1 and Figures 1 and 2 are presented the results of experiments _ 
carried out with isobutylene and isobutylenehydrogen mixtures over Co/clay catalyst. The same sample of cata= ° 
lyst was used in these expeziments; it was regenerated before each change in composition of the feed mixture. 

Freshly precipitated as well as freshly regenerated catalyst had an activity 
approximately twice that established 10-15 hours sfter the beginning of 
6 the mun. These activities have been denoted conventionally by the terms 
7 *initial® and “stabilized", As seen from Table 1 and Figure 1. isobutylene 
6 polymerized to an extent of 5% at initial activity and 2% at stabilized ace - 
| 5 tivity. The addition of 0.2% H, caused an increase In yield by a factor 
P of 2-2.5, -In the concentration interval of 0,2-10% Hy, the yield of hydro= 
polymezizate remains constant, while an increase In the concentration of 
J _ Hy, to 50% increased the yield to 18 and 12%, respectively, for initial and 
2 stabilized catalyst. At H, concentrations above 50%, the yield of hydro 
/ polymerizate decreased sharply. The fraction of isobutylene reacting cone 
tinuously increased with an increase in the hydrogen concentration in the 
¢ 2, O % feed gas; however, this increase was due to an Increase In hydrogenation 
% . reactions ~ .he yield of hydropolymerizate based on reacted fsobutylene 
Fig. 2, Ratio of heavy (H) to | continuously decreased, and the amount of ng tage reacted increased 
light (L) off at Initial (1) and (Table 2). 


eee It 4s Interesting to note that with the addition of 0.4% H, to the lso- 
butylene there was a sharp Increase in'the ratlo of th heavy fraction of the’ 

polymerizate (H) to the light (L), 2 and thea, with an Increase in the concentration of H; in the feed gas, thisratlo 

gradually decreased (Figure 2), occurred with hydrogenation, as Is from,° 


100 
400 
43,2 
91,3 
33,8 
ee 
33,7 | 
49,7 
| 15,4 
1.4 g 
1,9 
15 73,8 ~ 24,5 77,6 
16 72,5 10 13,3 13.3 100 is, 
17 99,8 Ss | 26.3 25,2 95,8 
13. 99,8 40 14.4 4 
19 99:8 41,9 31,4 74,9 
99,8 6 15,7 15,7 100 


for example, the significant Increase in the amount of Cy~Cy hydro- 

_ carbons in the effluent gas. Thus, the cffluent gas In Experiment 9 
contained (in volume percent) 0.07 CO, ,37.0% Hy, 19.6% CHy 1.6% 
0.0% 3.77% 32.5% 0.6% and 4.4% 
air, 


About 100 m1 of hydropolymerizate (n™p 1.4083, a”, 0,7041, 
bromine number 111.3, unsaturates content 77.8%) was obtained Ja 
a long run with a feed mixture containing 75% isobutylene and 25% 
hydrogen; this was hydrogenated at room temperature In the presence 
of Pt on carbon promoted with H,PtClg The resulting hydrogens 
Won product (n*°D 1,3979, 0.6909, bromine number 0,0) was 
2 © & vole tilled in a column packed with uiangular copper spirals and having 
an cfficienty of 40 theoretical plates. It {s apparent from the distillae 
a rales eR tion curve (Fig. 3, 1) that the hydrogenation product consisted of ~60% 
(3) and h mm, 1.3915, d°4 0.6917, literature data: b.p. 99.24°, nD 1.3915, 
4 1 d™, 0.6919); it also contained hydrottimer ss well as Cg and C¢ frace 
tions, the presence of which indicates the occurrence of hydrocracking. 


In order to clear up the question of whether the increase in the 

yiel 4 of fsobutylene polymerizate with the addition of 0. 27% and more: 
hydrogen is not caused by regencration of the contact surface by the hydrogen, a gascous mixture of N,+ 0.3% Hg 
was passed for 5 hours over the Co/clay catalyst at 190° after experiments on the polymerization of isobutylene 
(Figure 4, 1, a). As a result of this trcatment, future yields of polyracrizate not only were not increased, but were 
even significantly decreased (J, b). The polymerization activity increased when the catalyst was treated at 199° 
with a 3N,:1H, inixture, and increased still more when the ratio was 1N3: 1H; (1, ¢ and d). When {sobutylene 
containing 0.3% H, was polymerized, the yicld of polymesizate increased without preliminary treatment of the 
catalyst with hyc:ogen-containing gas, as was observed earlier In Expcriments 3 and 4 of Table 1. 


Experiments with clay as the catalyst. In Table 1 are presented the results of experiments in which the 
support—clay— for the previous catalyst was used as the catalyst. In this case also, an initial and a stabilized ace 
tivity were observed, Lobutylene polymerizatica amounted to 25-30 and 14-10%, respectively. Ethylene was 
not polymesized under these conditions. The addition of 25% Hy, to the isobutylene brought about a small decrease 
in the yield of polymerizate to 21.5 and 13.37 for the initial and stabilized catalysts, respectively. 


60 ml of polymerizate (n™D 1.4180, d™, 0.7203) was obtained in a long run with isobutylene; this was hydro» 
genated by the above method [9] and the resulting hydrogenation product (nD 1.4000, d™% 0.6976) was distilled 
in the same column. It fs apperent from the distillation curve (Figure 3, 2) that the hydrogenation product boiled 
in the range 63-180" and consisted of 80% isobutylene hydrudimer, which contained up to 90% 2,2,4-trimethylpea- 
tane, 

The resulting show that in the presence of catalyst 
for the hydrocondensation of carbon monoxide with ole 
fins, Co/clay, isobutylene polymezizes to the extent of 
2-57 in contrast to n-butylenes, which do not polymerize 
over this catalyst 10} Of particular interest are the data 
obtained in the present work showing that the addition 
of hydrogen to isobutylene has a substantial effect on the 
polyinerization process; even a small addition of hydro 
gen, 0.2%, causes a significant increase in the yield of 

+ polymerizate and an increase in the depth of convession, 
ohr An increase in the H concentration from 10 to 50% causes 
of Co/clay catalyst with mixtures of N,+ 0.9% crease in the side processes of hydrogenation and hydro- 


cracking, It must be pointed out that ff the increase 
H, (1), 75% 25% (1D, and 50% N,+50% 
H, (111). 1) Polymerization of sobutylene; 2) in polymerization with the addition of 10-50% hydrogen 


polymerization ofa mixture of isobutylene+ 0,3% 
See text for remaining notation, 


agate 


based on isobutylene fed» 


& & & 


Yield of polymerizate 


J. 


& 


to the isobutylene were due to a certain extent to partial 


‘ 
| 
4 
bk, 
f 


regencration of the catalyst surface, then as shown by the experiments discussed above, the sharp jump In the 
yleld of polymerizate with the addition of 0,2-0,3% 11, could not be so explained and must obviously be ascribed 
to the Intermediate formation on the catalyst surface of fsobutyl radicals ~ half-hydrogenated lsobutylene ~ which, 
by taking part In the polymerization process, exert an accelerating effect on this process, 


The effect of hydrogen on the course of the polymerization was observed only In the case of Co catalyst. 
Hydrogen exerts no such effect on the support for this catalyst ~ clay ~ which Is a considerably more active cata- 
lyst for the polymerization of {sobutylene than fs Cofclay catalyst; in this case, the hydrogen 1s merely a dituent, 
This could Indicate that radicals are not formed on the surface of the clay, so that the polymerization proceeds 
exclusively by an fonle mechanism with the formation mainly of dimer and trimer, Over Co/clay catalyst, the — 
process apparently has a mixed character and procecds partly by an lonic and partly by a radical mechanism. 
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RECOVERY OF PENTAVALENT NEPTUNIUM BY EXTRACTION 


Corresponding Member AN SSSR I. P. Alimarin, 
Yu. A. Zolotov and E. S. Pal*shia 


L Verdanskil Institute of Geochemistry and Chemisty, 
Academy of Sciences, USSR 


* Up to the present, there has been no reliable information on the extraction of pentavalentneptunium, Kool 
(1, 2] studying the extraction of Np (V) from nitsic acid solutions with methyl isobutyl ketone and other solvents, 
came to the conclusion that there is significant extraction of neptunium at nitric acid concentrations above 5-6 M, 
However, perntavalent neptunlum disproportionates toa considerable extent under these conditions, and the 
products of the ditproportionation reaction ~ Np (1V) and Np (VI) are readily cateacted by 
solvents. In this connection, the author's results require confirmation with macro amounts of Np”? . Nor are there 
data on the extraction of other pentavalent actinides which form ions of the type MeO} {. e., uranium, plutonium 
and americilum, 


In the present work, it was shown that pentavalent neptunium is extracted by solutions of 1-nitroso-2-napthol 
in n-butyl and isoamyl] alcohols at a pH of 9-10. 


The present investigation was cattied out on tracer amounts of Np”? . and the results were confirmed with 
weighable amounts of Np”’. The Np” isotope was separated from ncutron- irradiated uranium by a method based 
on recoil of the nuclear fission products [3] and was identified by its half-life. The activity was measured by the 
usual end window counter with an accuracy of 2 Sm, 


The initial solutions of neptunium (V), which were obtained by reduction of neptunium (V1) with hydrazine 
in the cold, weze b:ought to the predetcrmined pH by means of ammonia and nitric acid; buffer solutions were 
not used in order to avoid possible complex formation of the neptunoy! fon with components of the buffer mixe 
tures, The pHmeasurements were carried out potentiometrically. The exuactions were carried out fa graduated 
test tubes with pround-glass stoppers; the neptunium was extracted from a volume of 2 ml by an equal volume of 
a 1% solution of 1-nitroso-2-naphthol in the appropriate solvent. The mixtures were agitated for 4 minutes. The 
experimental conditions were selected taking into consideration the previously obtained data on the extraction of 
uranyl! with 1-nitroso-2-naphthol [4} 


Solutions of the reagent in solvents belonging to various classes of organic compounds were used: benzene, 
chloroform, isoamy] alcohol, n-butyl alcohol, diethyl ether, amyl acetate, and methyl ethyl ketone, 


The results obtained are present in Fignre 1, 


It follows from these data that neptunium fs not extracted at a pH up to 6; with a further increase in the pH, 
transfer of a considerable fraction of the neptunium to the organic phase is observed. Extraction fs especially good 
at a pH of 8-10, The percent extraction depends suorgly on the nature of the solvent; n-butyl aicohol extracts 
more than 90-95% of the neptunium In a single step, lsoamyl alconol extracts 80-85%, and methyl ethyl ketone, 
chloroform, and amylacetate are considerably worse; when benzene or dicthyl ether {s used, there {s almost no exe 
traction, As may be readily seen, n-butyl alcohol has the great pH Interval for extraction, 


In the case of the majority of solvents, precipitation of the 1-n{troso-2-naphthol occurs at a pH above 9-20, 
The reagent does put precipitate from n-buty} alcohol at a pH'of up to 11.4, 


/ 
: 
= 
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A decrease in the concentration of the reagent 
in n-butyl and fsoamyl alcohols to 0.25% broadens 
the pH Interval for the extractlon phase 
separation, 


Significant amounts of Nuorldes, carbonates, 
phosphates, acetates, and citrates Interfere with the 
extraction of plutonium; the extraction fs strongly 
depressed by ethylenedlaminetetraacetic acid; small 

2 amounts of carbonates and Nuorldes have almost no 
pH of aqueous phase—e effect, Nitrates, chiorides, and sulfates do not inter- 
fere with the extraction. 


extraction 


Percent 


2 


Fig. 1. Extraction of pentavalent neptunium by solu- 
tions of l-nitsoso-2-naphthol In varlous solvents: : On the basis of these results, {t must be em- 
1) n-butyl alcohol; %) isoamyl alcohol; 3) chloro- phasized, first of all, that tie extraction of neptunium 
form; 4) methyl ethyl ketone; 5)amyl acetate; 6) indicates an Interaction of the NpO,* ion with 1- 
benzene; 1) diethyl ether. nitroso-2-naphthol. This fact {s interesting by it- 
self. The literature reports no known reaction of 
pentavalent neptunium with organic reagents, provided the appreciable complex fozmatioa with oxalic [5] and 
certain other (6) organic acids is ignored; theze are no analytical reactions for pentavalent neptunium, As is well 
known, the properties of oxygen-containing fons of pentavalent actinides have not been sufficienily studied, gene- 
tally speaking. 


That the NpO,* fon Interacts with 1-nitroso-2-naphthol, which has an OH" group, Is im agreement with the 
previously observed [6] change in the absorption spectra of pentavaleat nepiunium solution containing certain car- 
boxylic acids and phenols, which was considered to be proof of complex formation (the absorption spectra changed 
at a pH of about 6). Consideration of these data opens up a route for the search for analytical reaction for the de- 
tecmination of plutonium in its most stable valence state. It is obvious that the preferential reaction of the neptu- 
noyl fon with organic reagents containing an OH™ group proceeds at extremely high pH values corresponding to 
the pH for the beginning of hydrolysis of pentavalentneptunium, These values apparently Me in the pH Interval 
6-10. Such a conclusion is tantamount to considerlag the — ion as a large, singly charged fon with a low - 
polarizing action, 


Our data can be used in the separation of neptunium from plutonium and urznium. Extraction of uranyl 1- 
nitroso-2-naphtholate takes place at a pH above 3.5-4.0 [4]; neptunium (V) remains in the aqueous phase under 
these conditions. The extraction of plutonium in the tetravalent state, as we, together with D, Nishanov, have 
established, takes place at a pH of 1.0-1.5. The possibility of obtaining in a single solution hexavalent uranium, 
pentavalent neptunium, and tetravalent plutonium (this is accomplished, for example, by the action of sodium nit- 
rite) opens up the possibility of separating these elements. Investigations continue along this line. 
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SYNTHESIS OF FERROCENE DERIVATIVES BY MEANS OF 
N, N- DIMETHYLAMINOMETHYLFERROCENE METHIODIDE 


A. N. Nesmeyanov, £. G. Perevalova, L. S. Shilovtseva 
and Yu. A. Ustynyuk 


M. V. Lomonosov Moscow State University 


First prepared by Hauser and Lindsay [1] N, N-dimethylaminomethy] ferrocene methfodide, like uimethyl- 
benzylammonium iodide in other syntheses, has proved to be a convenient reagent for the introduction of the 
ferrocenylmethy] group [2-8} 


We have previously used N.N-dimethylaminomethyl ferrocene methiodide for the synthesis of methylferroe 
cene [5} In the present work, we carried out certain reactions iz which the dimethylamino group was substituted 
as well 2s the aminomethylation and aminocthylation of ferrocene. 


Thus, by the interaction of N,N-ditnethylaminomethylferrocene methiodide with sodium sulfite, we obtained 
the sedium salt of ferrocenylmethanesulfonic acid, while reaction with potassium thiocyanate gave ferrocenyle 
methy} thiocyanate. Sodium phenolate and 


GH, F 
CH, FeC, SOs 


B-nzphtholate formed the phenyl! and B-naphthyl ethers of ferroceny Icarbinol, Ferrocenylmethyiation of p-hy- 
croxyazobenzene gave anazo-compound containing a ferrecenyl] group. Attempts to synthesize an 


azo coinpound with a ferrocenyl group have been unsuccessful until now, since ferrocene is acetylated during ree 
actions with d.azo compounds, and reaction of nitrous acid with ferrocene and its derivatives give a brown come 
pound of unknown structure which is insoluble in organic solvents, aces and bases. Thus, for example, we were 
unable to diazotize p-ferrocenylaniline, 


By aminomethlation of methylferrocene [5] with a mixture cf N,N,N°,N’-tetramethyldiaminomethane and 
paraformaldehyde, we obtained a 60% yield of homoannwlar ferrocene (the. 
presence of an unsubstituted ring was shown by the infrared spectrum). 


Thus, aminomethylation of methylferrocene occurs in the substituted cyclopentadieny] ring with a yield 
somewhat higher than with forrocene, which aminomethylates with a yield of 51% under the same conditions[z}. 


The addition of phosphoric acid to the reaction mixture leads, as in the case of ferrocene BL to an increase 
in the yield of (N,N-dimethylaminomethy])methylerrocene to 80%, moreover, dlaminomethylated ferrocene fs 
obtained in 10% yield. ; 
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NICH), 
An increase In the heating time Increases the yield of di(N,N-dimethylaminomethy!)methylferrocene to 32 
and a decrease in the yield of monoaminomethylated methylferrocene to 42, 


In no case of aminomcthylation of ferrocene were we able to isolate diaminomethylation products. Special 
experiments also showed thatthe aminomethylation of N,N-dimethylaminomethylferrocene does not proceed, under 
conditions of the Mannich reaction for ferrocene nor by the introduction of an excess of the aminomethylating 
ageat and an increase in the heating time, 


Consequently, the methyl group in methylferrocene strongly activates the ferrocene nucleus with respect to 
electrophilic attack, The formationofhomoannular (N,N-dimethlaminomethyl)methylferrocene indicates the 
ring connected to the methyl group fs the more strongly activated. The formation of dimethylaminomethylated 
methylferrocene Is one more bit of evidence that the effect of substituents fs transmitted from one cyclodienyt 
ring to the other through the iron atom [9] From (N,N- -dimethylaminomethy!)methylferrocene methiodide we 
synthesized homoannular dimethyl ferrocene. 


A comparison of the infrared spectra of the dimethyl ferrocene and (N, N-dimethylaminomethyl)methylferro- 


cene with homoannularly substituted ferrocenes of known structure indicated that the alkyl groups were in the 
1- and 3-positions, 


EX PERIMENTAL 


Sodium FeCs -H,CH,SO;Na- H,0, This compound was prepared as 
previously described for dimethylbenzylphenylammonium chloride (10). A solution of 1.1 g (0.003 mole) of N,N- 
dimethylaminomethy! ferrocene methiodide and 1.5 g (0.006 mole) of Na,SO°7H,0 in 60 ml of water was heated 
for 7 hours at 70-80°; an aqueous solution of Ba(OH), was then added and the excess barlum ions were removed 
by passing CO, through the mixture. The precipitate was filtered and washed with a small amount of water. The 
filtrate was evaporated to a small volume (5-6 ml). The precipitated sodium sait of ferrocenylmethanesulfonic 
acid was filtered (weight 0.7 g, yield 77% of theoretical) and recrystallized from water and then from alcohol; it 
did not melt at temperatures up to 230°; it crystallized with one molecule of water. 


Found %: C 41.51; 41.63; H 4.05; 4.26 CH, FeSO,Na. Calculated %: C 41.29; H 4,09 


Ferrocenylmethyl thiocyanate, CsHsFeCsH,CH,SCN. An aqucous solution of 0.3 g (0.0031 mole) of potas- 
sium thiocyanate was poured into an aqueous solutionof 9,37 g (0.0001 mole) of N,N-dimethylaminomethy]ferro- 
cene methiodide. The mixture was heated at the boiling point for 3 hours, When the mixture was cooled and 
acidified with dilute, 1:1, hydrochloric acid, a yellow precipitate of ferrocenylmethylthiocyanate formed (welght . 
0.13 g, yield 46% of theoretical), Recrystallization froin petroleum ether gave a product with an m.p. of 59-61", 


Found %: C 55.95; 55.87; H 4.32; 4.45; Fe 21.88; 21.54; $ 12.18; 12.01; N 5.32; §.12 CyHyFeSN, 
Calculated %: C 55.90; H 4.31; Fe 21.72; $ 12.47; N5& 


Pheny! ether of ferrocenylcarbinol, C,H ,FeC,H,* CH,OC,Hs. An aqueous solution of 0.30 g (0.0008 mole) 
of N,N-aimethylaminomethylferrocene, 0.1 g (0.001 mole) of phencl, and 0.05 g (0,001 mole,of NaOH was heated 
for 5 hours at 80-90°, during which time a brown precipitate formed, The milxture was then extracted with ether. 


N(CH, 
Fe Fe 


The ether solution was washed with $-7% NaOM and then with water, and was dried with calcined Na,SO,y, Evap- 


oration of the ether ynder vacuuin gave 0.22 (80% of theoretical) of the pheny! ether of ferrocenylcarbinol, 
M.p. 129-130° (recrystallized from peuoleum ether), 


Found %: C 69.94; 69.90; 11 5,87; 6.01; Fe 19.36; 19.20 CyH,,fe0. Calculated h: C69, 87 
H 5.51; Fe 19.15 


6 -Naphthol ether of ferrocenylcarbinol, CsHysFeCsH.CH,0CjcH)-B._ This ether was prepared in a mannet 
similar to that used for the pheny! ether. The yield was 407 of theoretical. It was recrystallized from petcoleum 
ether, m.p. 121-123* with decomposition (in a sealed capillary). 


Found %; C 13.35; 73.48; H 5,71; 5.73; Fe 15.85; 15.76; C,HyFeO, Calculated %: C73.69; H 5.30 
Fe 16.32 


p-(Ferrocenylmethoxy)azobenzene, = NC An aqueous solution of 1 003 
mole) of N,N-dimethylaminomethylfertocene was added to a solution of 0.5 g (0.003 mole) of p-hydroxyazobea= 
zene in 5% sodium hydroxide. The mixture was heated fro 20 hours at 90-100°, The resulting precipitate of for 

p-(ferroceny Imethoxy)azobenzene was filtered, washed repeatedly with NaOu and with water, dried In a vace 
uum dessicator over P,Os (weight 0.8 g, $e 80% of theoretical), and recrystallized from benzene, M.p, 135.5- | 
137.5° (in a sealed capillary). 


Found %: C 69.93; .70.01; H 5.35; 5.34; Fe 14.18; 14.15; N 6.96; 7. 00 CyHy»FeON,. Calculated he: 
C 69.71; H 5.09; Fe 14.09; N 7.07 


N,N-Dicthylaminomethylferrocene methiodide, CsHyFeCsH CH, N(C,HJACHYL 6.4g of paraformaldehyde 
was dissoved, with heating, in a minature of 20.8 g (0.2 mole) of (C;Hs),hii and 50 mi of glacial acid, and 18.6 g 
(0.1 mole) of ferrocene was then added. The reaction mixture was heated for 16 hours at 80-100°, after which it 
was diluted with water, and the unreacted ferrocene was filtered and washed with dilute HCl. The welght of une 
reacted ferrocene was 16.8 g, 


The aqueous solutions were combined and washed with water to remove the residual ferrocene, made alka- 
line, and again extracted with ether. Distillation of the ether gave 2% g of an oily maierial, from which the 
diethylaminomethy ferrocene was steam distilled (soft, bright yellow crystals); this was converted to the methio- 
dide by reaction with an ether solution of CH3l. The methiodide was recrystallized from alcohol, and it melted 
with decomposition at 159-162", beginning to darken at 153-155°. 


Found %: C 46.50; 46.61; H 6.15; 5.77; Fe 13.40; 15.66; 1 30.63; 31.16; N 4.00; 4.10 CiHyFeNL 
Calculated %: C 46.50; H 5.85; Fe 13.52; 130.72; N 3.38 


(N, N-Dimethylaminomethyl)methylferrocene, Aminomethylation of methyle 


ferrocene was carried out with bis(dimethylamino)-methane in the presence of HjPO, in the manner described pre> 
viously ferrocene (8), A mixture of 30 g (0.15 mole) of methylferrocene, 15.3 g (0.15 mole) of bis(dimethylamino} 
methane, 4.5 g (0.15 mole) of paraformaldehyde, 30 g of HPO, (sp. gr. 1.73), and 200 mi of CH,;COOH 
was heated for 7 hours at 95°, 


The reaction products were vacuum distilled in a stream of N, over Zn dust. 31 g (yield 80% of “eel 
of (N,N- ~dimethylaminomethy!)methy}ferrocene was obtained. B. p. 115-118°/1 mm; 138-140°/5 mm; a”D 
1.5812; d™, 1.2150, 


Found %: C 65.49; 64.31; H 7.61; 7.64; Fe 21.20; 21.53; Cy HyNFe. Calculated %: C 65.38; H 7.45 
Fe 21,71 


Infrared spectrum: oe 198;846; 928; 950; 1004; 1040; 1106; 1140; 1176; 1232; 1254; 1266; 1354; 
1286, 1454; 1466; 1660; 1682 cm 


Moreover, there was obtained 4.78 (yield, 19% theoretical) of di(N, 
cene, B, p. 130-131.5°/1 mm; n™D 1.5622; d™ 1.1260, 


Found %: C 65.64; 65.53; H 8.62; 8.42; N 8,90; 9.08; Fe 17,16; 17.11; CyHgN,Fe. Calculated %s 
C 64.96; H 8.35; N 8.94; Fe 17.77 


* Prepared In couperation with A, A, Ponomareako, 


Z 
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Infrared spectrum: 741; 790, 849; 936; 954; 1024; 1038; 1146; 1174; 1268; 1354; 1460 em! (NaCl prism), 


(N, N-dimethylaminomethy])methy ferrocene nicthiodide, which was prepared in absolute methyl alcohol 
{ice cooling) followed by precipitation with ether, decomposed when heated above 185°, 

Found %: C 45,18; 45.08; 115.61; 5.78; N 3,83; 3.95; Fe 13,25; 13.48 Cy;H,,NFel. Calculated he: 

C. 45,15; 15.57; N 3.51; Fe 13.99 

When methylferrocene was aminomethylated without the addition of H,;PO, (N,N -dimethylaminomethyl)- 
methyl ferrocene was obtained in 60% yield (if recovered as the methiodide, the yield reached 70%). ; 

When the aminomethylation of methylferrocene was carried out at 110-115° for 10 hours, the yleld of 
di(N, N-dimethylaminomethyl)-methy! ferrocene amounted to 327% of theoretical, and (N,N- dimethylaminomethyl)- 
methyl ferrocene was obtained in 4% yield. 
: Dimethylferrocene CsH,FeCsHCH;)2. This compound was prepared by reduction of (N,N-dcimethylamino- 

methyl)inethylf{errocene methiodide with sodium amalgam in a manner similarto that used for the preparation of 

methylferrocene [5} 

The dimethylferrocene was purified chromatogeapheatly over B 203 and by vacuum distillation, The yield 
was 15%, B.p. 77°/4 mm; 119°/13 mm, 1.6007; 1.5922; d™, 1.2458, 

Found %: C 66.91; 67.10; H 6,54; 6.57; Fe 26.37; 26.34; CyHyFe. Calculated %: C 67.28; H 6.50; 

Fe 26,08 


Infrared spectrum: 
1650 cm™*, (NaCI prism), 


The absorption in the regions of 1000 and 1100 cm! shows oa skie-ginhjiasisnantidiapgentiintia 
cene are homoannular, and the presence of the 1266 and 1280 cm™ 1 frequencies, respectively, indicated that the 


substituents are In the 1- and 3-positions. ® 


748; 154; 116; 9426; 950; 1002; 1040; — 1210; 1236; 1280; 1322; 1384; 1460; 
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THE EFFECT OF SIDE CHAINS ON THE RATE OF OXIDATION. 
OF CARBON-CHAIN POLYMERS ; 


Vv. M. Yustev, A. N. Pravednikov Academician 
S$. S. Medvedev 


L, Ya. Karpov Physicochemical Scientific Research Institute 


The tu.fowing reactions are basic In the exidation of y acgpeneostes addition of a molecule of oxygen to a 
hydrocarbon radical 


R- + 0, ROO-; (1) 


removal of a hydiogen atom by a peroxy radical from a hydrocarbon molecule with the formation of a hydropes= 
oxide group 


ROO. -+ RH-- ROOH+R.; (2) 


decomposition of the hydroperoxide group with the formation of HO- and RO- radicals 


ROOH -+ RO-+-OH; 


semoval of a hydrogen atom by these radicsls from molecules of hydrocarbon 


RO. +RH-+ROH-+R-, 


The rates of all of these elemental reactions determine the rate of the hydrocarbon oxidation process. 


ml/ 
8g 


& 


n absorbed, 
& 
ygenabsorbed, ml/g 


Fig. 2, Absorption of oxygen by poly 
Fig. 1. Absorption of oxygen by polymeth= and 
ylene and other aliphatic polymers at 150%. - o 

1) Polymethylene(mol, wt. 437,000); Z)poly= 1) wt, 700,000), 
mer preparedby decompositionof a mix- 2) p-lsopropylstyrene (mol. 
ture of 75 diazomethane and 25 mol, 
diazoethane(mol, wt, 440,000); 3) 

met prepared by decomposition of a mixe 

ture of 75 mol. diazomethane and 25 mol, 

diazobutane(mol. wt. 668,000). 
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Number of ruptures per g 


of polymer x 104 


Oxygen absorbed, ml/g 

Fig. 3, Relationship between 
the number of ruptures per gram 
of polymer and the amount of 

oxygen absorbed during the oxf- 
dation of aliphatle polymers 
at 150°, Notation fs the same 
as in Figure 1, 


It Is well known that on golng [rom low-molecular welght to 
high molecular weight compounds of similar structure there bs observed 
an appreciable decrease tn therate of oxidation, Thus, for exame 
ple, isopropylbenzene oxidizes very readily, while its polymer analog, 
polystyrene, fs oxidized with great difficulty [l, 2} Such a decrease 


‘in the rate of oxidation of polymess can be explained as follows, The 


removal of an atom of hydrogen from the hydrocarbon molecule [Re 
actions (2) and (4)] fs connected with a transition of the corresponding 
portion of the molecule from a tetrahedral to a planar configuration, 
In the case of polymers, this transition fs connected with a displace 
ment of portions of the polymer chain, which must lead to an Increase 
in the activation energy of the reaction and, consequently, to a de- 
crease In reaction rate (in comparison with the activation energles 
and rates of similar reactions of low-molecular weight compounds). 


The removal ofa hydrogen atom from a side chain (methyl, pros 
pyl, etc.) fs not connected with shifting of portions of the polymer 
chain in the transition state, and must have the same activation energy 
as the corresponding reactions of low-molecular-welght compounds, ~ 
Therefore, it would be expected that in the case of polymess contain 
ing comparatively short side chains, oxidation will take place pri- 
marily at the side chains. 


With the aim of confirming this assumption, we synthesized 


- polymethylene and polymers containing methyl and propyl side chains (by the decomposition of diazomethane 
or mixtures of the appropriate dlazocompounds in the presence of BF [3}) and polylsopropylstyrene (by alkyla- 


Number of ruptures per g 


of polymer x 104 


25 
Oxygen absorbed, Al/g 


Fig. 4. Relationship between the nume © 


ber of ruptures per gram of polymerand 
the amount of oxygen absorbed during 
the oxidation of polystyrene and poly 
p-lsopropylstyrene at 205°. Notation 

is the same as in Figure 2, 


by 


. 


tlon of polystyrene with fsopropy! chloride in the preseace of AlCl, [4]). 


Experiments on the oxidation of these polymers showed 
that the introduction of side chains sharply increases the rate 
of absorption of oxygen (Figures 1 and 2), and, simultaneously, 
there was an increase in the number of molecules of oxygen 
"consumed per rupture of the main chain (Figures 3 and 4); Le, 
oxidation actually proceeded chiefly at the side chains in 
this case, 


When the polymers obtained by decomposition of diazo — 
compounds and the poly-p-Ssopropylstyrene were oxidized to a 
greater extent (100-150 ml of O, per g of polymer for poly- 
methylene, etc, and 5-10 m! of O; per g of polymer for poly= 
p-Ssopropylstyrene) linking of the polymer chains occurred as 
a result of the formation of ether bridges (determined by Infrae 
red spectra) between the macromolecutes (cf. also [5]), and 
a very low molecular weight fraction appeared in the system, 
It Is possible that these changes are connected with the occure 
rence of a bimolecular reaction involving two oxygen-contain= 
ing radicals according to [6} ; ieee 


‘ 
= 


Polystyrene is not cross-linked when oxidized to an extent of up to ~20 mil of O, per g of polymer, and this 
fs apparently explained by the low concentrations of radicals in the system (low rate of oxidation), 


3 
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THE ADDITION OF SULFUR TRIOXIDE TO FLUOROOLEFINS 


M. A. Dmitriey, G. A. Sokol*’skil and Academician 
I, L, Knunyants 


In spite of the accumulated {deas regarding the ditliculty of adding strongly electrophilic reagents to (poly 
fluoro) olefins, it was found that sulfur trioxide adds comparatively readily to tesraNuorocthylene, chiorotrifiuoro- 
ethylene, and hexafluoropropylene. Depending on the sulfur trioxide modification used, the initially formed ree 
action products ere B-sultones (in the case of the a-modification) or 8 -pyrosultones (in the case of sulfur trioxide 
dimer). The way in which the sulfur trloxide added across the double bond of the unsymmetrical flucroolefins was 
determined by acidometric titration of the addition products and determination of the hydrolyzable halide, The 
cyclic addition products formed and some of their physical properties are presented in Table 1, 


TABLE 1 


MR 


CFs— CPs— 33 1,6219 1,3050 20,80 
105—106, 41,7407} 1,347 31,29 
° 
77—78 | 1,7269 |. 1,3570 25,63 
f SO, 104—105} 41,7082] 41,3530 20,72 
CF 42—43 | 14,6570] 41,3000 28,05 


The products of the reaction of sulfur trioside with fluoroolefins are extremely reactive compounds, and they 
interact vigorously with representatives of different classes of organic and inorganic substances, In the vast majore 
ity of cases, these reactions result in derivatives of fluorine-containing a-fuorosulfonylcarboxylic acids. Thus, 
the interaction of tetrafuoroethane-8 -sultone(sultone of 2-hydroxyethanesulfonic acid) with water gave fluoro 
sulfonyldifluoroacetic acid, while reaction with alcohols, mercaptans, and amines gave esters, thioestess, and ame 
ides of this same acid. The anhydride and chloride were obtained by further reactions, Some of the derivatives 
of NuorosulfonyldifMuoroacetic acid and their physical properties are presented in Table R 


The interaction of fluorosulfonyldiNuoroacetic anhydride with antimony trichloride led to the formation of 

a compound {dentical to the original tetrafuoroethane-B8 -sultone, On the basis of this conversion cycle, of cere 
'| tain other properties of the addition product, and of the infrared spectra of the addition products and derivatives 
of the c-fuorosulfonylearboxylic acids, it can be assumed that the products of the addition of sulfur wloxide (ae 
modification) to fluoroolefins are actually dynamic mixtures of pairs of lsomers — the cyclic B-sultone and the 
Mnear difluoride of the sulfocarboxylic acid 


CP,—CF,— SO, P—C—CP —S0,;— FP, 


. 


~ 


; 
- 
. 
° 
3 
: 
3 
i 
e 
q 
39 


TABLE 2 © 


Formula 


At25 mm, : 
Melting point, 


142—143 
108—109° 


104—105°*] 
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MR 
| B.p., °C | 
| P | fcund cale, 
F —SO,--CF; —COOH 153 41,723%4 | 41,3002 22,81 | 22,73 
SO: — CFs COLO 435-136 | 4.7444 | 1.3530 | 42:02 | 41.86 
—S0,—CF, —CO—Cl c7—63 | 4.6419 | 4.3570 | 26,15 | 26,16 
F OCH 415 1°5159 | 1.3510 | 27.38 | 27,47 
F 129—130 | 41,3965 | 1.3565 31.60 | 32,08 
1'3478 | 1.3595 | 35,93 | 36:70 
3 475327 | 1.4533 | 45,33 | 43,44 
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AN OXIDATION METHOD FOR THE SEPARATION OF SULFIDES 
FROM THE MIDDLE FRACTIONS OF PETROLEUM ‘ ., 


E. N. Karaulova and G. D. Gal’pesn 


Institute of Petroleum, Academy of Scfences,USSR 
(Presented by Academician A. V. Topchlev, July 29, 1958), 


In an investigation of the Irreversible oxidation potentials of organosulfur compounds, Luk*yanitsa and Gal’ 
pern [1) found that the conversion sul fide -» sulfoxide is clearly distinct from the oxidation of hydrocarbons and 
sulfur compounds of other groups. This provided a theoretical basis for the possible discovery of conditions for 
the selective oxidation of sulfides in petroleum distillate fractions to sulfoxides. We have recently selected such 
conditions [2], it was shown that hydrogen peroxide in acetic acid can quantitatively oxidize sulfides to sulfoxe » 
idcs without touching the aromatic hyd:ocarbons and compounds of the thiophene series.®. The method was 


‘TABLE 1 
Characteristics of the Concentrates Investigated 


Ssulfide 
of Yield, % 
concentrate orig, kerosene 


Concentrat 


2 


_ eeveloped using synthetic mixtures, and during this work, the formatioa of any other polar products except sulfe 
oxides was not detected. A study of the adsorbability of sulfoxides [3] led to the conclusion that the separation 

of sulfoxides from aromatic hydrocarbons and thiophene compounds by adsorption chromatography Ss possible, 
Further development of the method for small scale separation of sulfoxides by selective oxidation and subsequent 
chromatographing was carried out on petroleum distillates. The distillates investigated were sulfur-aromatic cone 
centrates from 175-300" fractions of Romashkin crude (the fractions comprised 17.2% of the crude), This cruds 

is typical of Devonian crudes from the Ural — Volga Valley region. : 


The organosulfur compounds present in Romashkin petroleum have received absolutely no study. This lends 
an independent interest to the separation of sulfides, which constitute a substantial part of the organosulfur come 
pounds in the middle cuts of Romashkin | 


© Mercaptans oxidize more easily than sulfides, forming the slightly polar disulfides; further oxidation of the dle 
sulfides to polar oxygenated derivatives takes place only after the oxidation of sulfides to sulfoxides, 
*® The present work was reported at the 4th Scientific Session on the Chemistry of Sulfur and Niogen-containe 


ing Compounds in Petroleum and Petroleum Products, which was held in Ufa in July, 1958; it will be presented ia 


detail in the Proceedings of the meeting, which are presently in press, 


i 

n 
| 41,5220 7,13 89,5 212 0,41 
41,5425 0,94 30,6 4173 4,90 
ce Nl 14,5370 1,19 30,4 467 2,2 4 ’ 
iv 45430 105 | 27,7 164 1.63 
Vv 41,5300 4,46 54,8 169 0,78 

41 . uf. 


TABLE 2 


Sulfoxtdcs Obtained from Romashkin Peuoleum 


Itt Iculated xin the formul cont, 
ompositlons calculate x otal sulfoxides 
from elemental analysis = x50 Empirical formula] separated irom a. 


given concentrate 


Concentrate I 


2,90 
Cy2,52H22 97594 03 2,27 33,6 
13,04°°24,80° 4,28 CisH;,S0 «42.7 
33 1,48 
4350 29 2,48 13,6 
Concentrate 
2,39 } 
Concentrate lI 
11,6 29,6 
C44 054425, 4950522 1,61 78,2 


Concentrate IV 


6,7 


Concentrate V 


40,13 "19,549 

1,64 


The sulfur-aromatic concentrates were prepared by S. S. Nifontova, A. A. Suchkova and 1. A. Musaev © 
by chromatographing the indicated kerosene fractions over ASM silica gel [4}; After separation of the total paraf> 
finic and naphthenic hydrocarbons, the sulfur-aromatic portion was collected in individual fractions according to 
increasing refractive index; the resulting fractions were chromatographed repeatedly. The concentrates used in 
_ our Investigations differed with respect to the highest sulfur content of each. They eluted from the chromato- 
graphic column following the fraction with n™p 1.53-1,54. It should be pointed out that thelr indices of refraction 
had a tendency to decrease with an increase in the total sulfur content (see Table }). 


The content of sulfide sulfur was determined for the concentrates investigated by potentiomenic utration 
( (SJ and the data of Gal’ pern and co-authors). The concentrate charge (of the order of 200 g) was mixed with an 


°Under the supervision of A. V. Topchiev in the S, S, Nametkin Laboratory of Petroleum Chemistry of the Instl- 
tute of Petroleum, Academy of Sclences' USSR. 
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TABLE 3 equal amount of glacial acetle acid, and, with 


Fraction Balance After Oxidatfon and Chromatograph- =—-—srapid stirring 27 percent hydrogen peroxide was 


ing (calculated on the original cencenuates) added at 20-25°, After approximately 1 hour, 
; 110% of the amount of 1,0, required for oxidas 


Balance tion of the sulfides to sulfoxides was introduced, - 
The mixture was stltred for another 2 hours and 
% of Stot % of Ssulfide then poured Into a three-fold amount of water. 
90.0 90 After 12 hours, the aqueous layer was separated, 
‘ and the organfe layer was washed with water, The 
97.8 - 87 aqueous extracts were concentrated (under the 
51 98.8 vacuum of a water asp{rator), during which wates 
; was perlodicaily added until the acetle acid was 
25.8 ee completely eliminated. The sulfoxides were exe 
98.9 - 96.9 _ tracted from the residue with ether, The organie 
layer was dried with calclum chloride and chro 
matographed over ASK silica gel (90-200 mesh, 
225 g of silica gel per 100 g of adsorbate). The column was eluted with dezromatized petroleum ether with a 
boiling point not exceeding 65°, benzene, chloroform, and alcohol, The sulfoxides separated by the treatnent 
described above are shown in Table 2 


The Mglitest sulfoxides, and froin Concentrates I, IL, and IV ard from Conceas 
trate V, were sep2rated from the aqueous Jayez. 


Concentrate 


The petroleum ether desorbate did not contain sulfoxides; the sulfur compounds {n this fraction were not 
oxidized by H,O, under our conditions, Only the CysH,4SO sulfoxides from Concentrate I were eluted by benzene, 
Chloroform eluted 40.5% of the Cy,H;,S0 sul foxides from Concentrate I and 72.3% of the CyyH;,SO sulfoxides from 
Concentrate V. The remaining sulfoxides were cluted by alcohol. Judging from the composition of the sulfoxe 
ides,the original sulfides were completely saturated sulfur compounds. Only thiabicyclancs of the general fore 
mula CpH.p- 3S were present in the fint three concentrates, In addition to thiabicyclanes, Concentrate IV cone 
tained a small amount of thiatricyclanes Only monocyclic sulfides of the general formula Cal $ 
were found in Concentrate V. The structure of these sulfoxides ts a subject for further study. ig 


The fraction balance prepared after ox!datlon and chromatographing (see Table 3) showed that our proposed. 
method permits complete oxidation of the sulfides in the concentrates to sulfoxides practically without touching 
other groups of compounds and also the separation of the sulfoxides from aromatic hydrocarbons and — 


sulfur compounds, 
The proposed methodhasa special significance for the manufacture of diesel fuels and other kerosene and Might ° 
G2 ol} distillates, since a large part of the sulfur compounds in these petroleum products are sulfides and the hydro 
carbon components are chiefly difficultly oxidizable compounds, 
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STRUCTURAL DIRECTIVITY OF DIENE CONDENSATIONS OF 
AND 2-ALKYLBUTADIENES WITH UNSYMMETRICAL 
DIENOPHILES 


Academician I, N. Nazarov, Iu. A. Titov and 
A. 1. Kuznetsova 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences,USSR 


The question of the effect of structural features on the course of the condensation of 1- and 2-alkylbutadi- 
enes with unsymmetrical diencphiles has atuacted the attention of many investigators, since it may be assumed 
that such reactions will proceed in both possible directions with the formation of two structural} isomers in each 


As has been shown by many workers in this field, when 2-alkyl-butadienes are condensed with unsymmetri- 
cal dicnophiles, the chief product is the para isomer, However, from the mixture of additina products resulting 


from condensations of isoprene [1-9] and certain other 2-alkylbutadienes [6, 7, 10-12) with unsyminetrical dieno- — 


philes it has been possible to isolate significant amounts of the meta {somers also, 


Reactions involving 1-alkylbutadienes proceed more selectively in a structural sense, and for a lcng time fg 
was considered that only the ortho isomer Is formed in condensation of this type. Only recently has it been pose ~ 
sible to show the presence of a certain amount of the meta {isomers among the addition products from the conden- 
sation of piperlyne [%, 5, 13) and 1-tertiarybutylbutadiene [12] with unsymmetrical dienophiles, 


With the aim of investigating systematically the effect of the size of alkyl substituents In the diene and 
diencphile on the ratio of the resulting structural isomers, we studied the Diels-Alder condensation of esters of 
acryiic, methacrylic, and a-{sopropylacrylic acids with isoprene, 2-propyl-, 2-{sopropyl-, and 2-tertiarybutylbu-- 
tadiene, piperlylene, and 1-Ssopropyl-, 1-butyl-, and 1-tertiarybutylbutadiene. All of the condensations were 
carricd out under the usual conditions ~ by heating a mixture of the components in steel ampoules at 200° for 
several hours in the presence of 0.1-0.%~ hydroquinone as a polymerization inhibitor. The method selected for 
the determination of the ratio of the suuctural isomers was the common method based on dehydrogenation of the 
mixture of addition products over 15-20% palladium on carbon at 340-350° and oxidation of the resulting alkyle 
benzoic acids or dialkyJbenzenes with chromium tioxide or dilute nitric acid to a mixture of isomeric phthalic 

‘actds, which was resolved by crystallization of the barium salts. In some Cases, the ratio of {somers could be ese 
tablished directly by fractional crystallization of the addition products, ' 


In the case of the 2-alkylbutadienes, the composition of the ener. mixture of addition i ey was €3~ 
tablished according to the following schemes 


we 
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R' =H; CHy; 


GY. 


From the data presented above, {t may be seen that the structural selectivity of the reaction Increased with 
an Increase In the size of the alkyl substituent in the 2-alky!butadiene and dienophile, while the relative amount 
of the meta isomer in the mixture of addition products decreased sharply. 


TABLE 1 
Condensation of 2-Alkylbutadienes with Unsymmetrical Dienophiles. 


Dienophile 
Diene(R) = B. p. Ref, index 


CHs 84 (2 hours) | 88—90°J16 mm 

81 (2 hours) | 132—134°/30 mm 

{-C.Hy 65 (S hours) | 106—109°/12 mm 

_ tert.-CyH, 47 (S hours) | 109—112°/10 mm 

CHs 66 (2 hours) | 92—94°/12 mm 

65 42 hours) | 133—135°/30 mm 

i-C;H, 40 (5 hours) | 105—110°/12 mm 
tert-C,H, 36 (5 hours) | 110—112°/10 mm 1,4620 
CHs 43 (15 hours) | 105—10S°/10 mm 1,4676 

1-CaHy 31 (10 hours) | 110—114°/10 1,4703°** 

tert-CH, | | 45 (40 hours) } 123—126°/10 mm] 1,4275°** 


1,4655 
1,4650 
1,4649 
1,4676 
1,4620 
1,4622 
1,4600 


"© The ratio of fsomers was established directly by crystallization of the addition products 
(after saponification). 

Condensations ‘carried out with the ethyl! esters. 
ee The products contained dimers of the orginal diene which could not be separated 
by distillation, 


The opposite rule held for the formation of structural fsomers in the case of l-alkylbutadienes, for which- 
the system used to determine the ratio of isomers and the results obtained are presented below. : 


As may be seen from Table 2, in the case of l-alkylbutadienes, the relative amount of the meta fsomer In 
the resulting mixture of addition products appreciably iacreased with an increase in size of the substitue 
ent in the diene and dienophile, 

: Such a difference in the ratio of the structural isomers for 1- and 2-alkylbutadienes cannot be explained 
only by changes in the electronic effects of the alkyl groups, since if such were the case, the ratio of tsomers 
would in the same direction in both sezies of 


para to 
meta 
omer 
2,4:4 
3:1. 
3,5:4 
| 2,5:4 
| 3,4:4 | 
7,324. 
10:4 
14:4 
| 
> 


R= 1-C,Hy; C,H; 
R'=H. CH;: 


TABLE 2 


Condensation of 1-Aixylbutadiencs with Unsymmetrical Dienophiles 


Yield of ad- 
duct, % 


Constants of adducts 


Ratio 


B.p. 


| ref. index 


of ortho 
to meta’ 
fsomer 


§5 (2 hours) 
60 (5 hours) 
74 (5 hours 
76 (5 hours 
6S (2 hours) 
$2 (2 hours) 
2 (2 hours) 


32 ({0hours 


91—97 °/30 


143—146°740 - 


422—$25°/20 
91°715 
113—117°/20 
$32—135°/25 
102—105°/8 
118—124°/10 


wo 


19 ({Ohours) 135—140°/25 


- 


Condensations carried out with ethyl esters, 
°° The products contained some of the original diene, which could not be separated by 
disti}ation, 


These results apparently can be explained by the considerable effect of steric factors, since with an Increase 
in the steric hindrance caused by 3a increase in the size of the substituents, there can be an increase in the frace 
tion of only those isomers (meta isomers for 1-substituted and para isomers for 2-substituted dienes) whose haasuedl 
tion proceeds through the less sterically hindered transition comptes. 
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AN INTERESTING CASE OF ISOMERIZATION AMONG THE 
SA TURATED ALIPHATIC NITRO COMPOUNDS 


Ss. S. A. A. Fainzel*berg, S. A. Shevelev, 
I. S. Korsakova and K. K, Babievsil 


N. D. Zelinksif Institute of Organic Chemistry, Academy of Sciences,USSR 
(Presented by Academician A. V. Topchiev, July 14, 1958) 


During the study of the chemical properties of the recently prepared 1,1,1,3-tetranitropropane 1], we found 
that this polynitrozlkane converts to the isomeric symmetrical tetranitropropane in the presence of ammonia (it 
separates from the reaction mixture in the form of the diammonium salt): 


KH,OH 
NOsNHg 


Along with the symmetrical tetranitropropane, some 1,1,2-trinitropropane is formed: 


NH,O# 
(NO;)s;CCH,CH,NO, 
NO,NHg 


Symmeuical tetranitropropane Is not formed when stronger organic or inorganic basesare substituted for the - 
ammonia, and the sole reaction product is 1,1,3-triniopropane. Thus, the action of dimcthylamine on 1 nial 
tetranitropropane results in a 73-74% yield of 1,1,3-trinitropropane, 


The formation of 1,1,3-trinitopropane is explained by the elimination of a nitro group from the trinitro- 
methy! group of the 1,1,1,3-tetranitropropane under the influence of basic media. In the presence of ammonia, 
this process proceeds concurrently with the fsomerization of 1,1,1,3-tetranitropropane to symmetrical tetranitro- 
propane and is competitive with this reaction. In the presence of bases stronger than ammonia, the fsomerizatioa 


reaction is practically completely suppressed, and only the elimination of a nitro group from - 1,1,1,3-tetranitro- 
propane occurs. 


The optimum conditions for the {somerizationof1,1,1,3-tetranitropropane to symmetrical setrantuopropens 
are a temperature of 0°, a reaction time of 1-2 hours, and an aqueous-alcoholic medium (the reaction does not 
go in nonpolar solvents). Under these conditions, the yield of the dilammonium salt of symmetrical tetranitro- 
propane is 40%; in addition, some of the ammonium salt of 1,1,3-tinitropropane is formed. This ammonium salt 
can be converted to the potassium derivative by the action of potassium chloride. The action of bromine on the 
dipotassium salt of symmetrical tetranitropropane gave the corresponding dibroinide — 1,3-dibromo-1,1,3,3-tetras 
nitropropane. All of the compounds prepared In the present work are described here for the first ime, It should 
be pointed out that the conversion of 1,1,1,3-tetranitropropane to symmetrical tetranitropropane fs the first case 
of {somerization by a nitro group shift among the saturated aliphatic nitro compounds. We are presently studying 
the mechanism of this interesting reaction. 
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fully suction filtered(the filtrate was retained for further work). The yleld was 1.05 g (40%). This sale was dis- 


- tasslum salt of 1,1,3-triniuopropane, was suction filtered, washed with small amounts of ice water, alcohol, and 


* tallization from water, was 211-213° (with a heating rate of S° per minute). 


_ while the reaction mixture was stirred and cooled with ice. The reaction mixture was thenstirredfor anhourat roo 


_ 0 by cooling with ice, After the addition of the dimethylamine, the mixture was stirred for another 30 minutes 


EXPERIMENTAL 


The original 1,1,1, a -tetranitcopropane was prepared by the addition of nitroform [trinitromethane] to nitro- 
ethylene 


Lomerization of 1,1,3,9-vetsantiropropane to 1,1,3,3-tetranitropropane under the influence of ammonia, 
1.5 ml (0.02 mole) of 30% aqueous ammonia was added over a period of 20 minutes, with stirring, to a solution 
of 2,24 g (0.01 molc) of 1,1,1,3-teteanitropropane in 20 ml of alcohol; during the addition, the temperature was 
maintained at 2-4° (ice cooling); after the addition of the ammonia was complete, the mixture was stirred for 
2.5 hours at 0°, and the resulting yellow precipitate, the diammonium salt of 1,1,3,3-tetranitropropane, was care- 


solved in a mixture of 10 ml of alcohol and 20 ml of water, 2 g of potassium chloride was added, and the mix- 
ture was stirred for anothcr 15-20 minutes and then cooled with ice; the resulting yellow crystalline precipitate 
of dipotassium salt of 1,1,3,3-tetranitropropane was filtered, washed with a small amount of ice water and thea 
twice with small portions of acetone and ether, and dried in air. The yield was 1 g (33.3%). The salt was re- 


crystallized from water at 50-60°. The decomposition temperature of the recrystallized sample was 225° “—— 
vety rapid heating). 


Feund K £5.72; 25.72; C 11.86; 12.18; H 0.91; 0.97; N 18.69; 18.61 C,H,N,O,K3. Calculated $s 
K 26.03; C 11.99; H 0.67; N 18.66 


An increase or decrease in the temperature decreased the yield of symmetrical tetranitropropane; aa In- 
crease in the reaction time and also in the amount of ammionia had no effect on the yield. 


To the alcoholic filtcate remaining after separation of the diammonium salt from the reaction mixture was 
added 20 ml of waters, during which time the solution was cooled with ice, 2 g of potassium chloride was then ad- 
ded with stirring, and the stirring was continued for another 15-20 minutes; the yellow precipitate, the monopo- 


ether, and dried in air. The yield was 0.15 g (6.97%). The decomposition temperature of the salt, after —_ 


Found %: K 18.33; 17.99; N 19.65; 19.84 C3H,N,;O,K. Calculated %: K 18.00; N 19.35 


The free 1,1,3,3-tetranitropropane can be obtained from the dipotassium salt by the action of a acid: 
to a mixture of 3 g (0 01 mote) of the pure dipotassium salt of 1,1,3,3-tetranitropropane, 20 mi of water, and 40 
ml of ether was added, with stirring, 9 mi! of cold 20% sulfuric acid, the temperature being maintained at 0° by 
means of ice. The ether layer was separated and dried with calcined magnesium sulfate. Evaporation of the ethez 
gave 1.9 g (85%) of a yellow oil, 1,1,3,3-tetranitrozropane. This compound, in contrast to 1,1,1,3-tetranitropro- 
pane, decomposed on standing in air. On interaction with ammonia in dry ether solution, the 1,1,3,3-tetranitro- 


propane was smoothly converted to the expected diammonium salt, which could be converted to the dipotassium ° 
salt by the action of potassium chloride. 


Preparation of 1,3-dibromo-1,1,3,3-tetranitropropane. 12 g (0.004 mole) of the Siinatibus salt of 1,1,3,3- 
tetranitropropane was coveredwith 12,5 ml of dry ether, and 1.3 g (0.008 mole) of bromine was gradually added 


temperature, the ether solution was separated, the precipitate (potassium bromide) was washed with ether, and the 
combined ether‘solutions were dried over calcium chloride; the ether was then evaporated to leave a residue of 
1,3-dibromo-1,1,3,3-tetranitropropane. The yield was quantitative; the m.p. was 69-69.5° (from CCl). 


Found %: Be 41.52; 41.44; CsH,N,O,Br,, Calculated %: Br 41.86 z 


Conversion of 1,1,1,3-tetranitropropane to 1,1,3-trinitropropane in the presence of dimethylamine. Toa . 
solution of 2.24 g (0.01 mole) of 1,1,1,3-tetranitropropane in 15 ml of alcohol was added, with stirring, 3 ml 
(0.02 mole) of a 33% aqucous solution of dimethylamine while the solution was maintained at a temperature of 


at 0° and then for 1 hour at 10°, 15 ml of water and then 2 g of potassium chloride were added, with stirring, to 
the resulting dark brown solution, the mixture was stirred for another 15 minutes, cooled to 5°, and the crystalline 


Monopotassium salt of 1,1,3-trinitropropane was filtered, washed with small amounts of ice bee alcohol, and 
ether, and dried in alr. The yield was 1.6 g (73.7%). 
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SYNTHESIS OF DERIVATIVES OF CYCLIC B-DIKETONES | 


V. V. Perekalin and K, S. Parfenova 
(Presented by Academician M, 1 Kabachnik, August 23, 1958) © 


As an amplification of our investigations ia the field of unsaturated nitro peo: aunds, we studied thelr re- 
action with certain cyclic 8 -diketones, 


The aim of this work was to accomplish. the synthes}s of different cyclic B-diketoncs substituted at an ace 
tive methylene group. 


Interest in the present investigation was helghtened by the increased pharmacological values of cyclic Be 
diketones, which have found widespread use as blood anticoagulants (phenyl-1,3- Regt HAP Indications of 
their antispasmodic and atropine-like action are wel] known, 


The condensation of various cyclic diketones (dimedone, 1,3-indanedione, and 2-pheny}-1,3- 
and the related 4-hydroxycoumarin with a series of aliphatic, aromatic, and heterocyclic unsaturated nitro come 
pounds was accomplished in the presence of basic catalysts (sodium methylate, triethylamine) In organic solvents 
(inethanol, benzene) at room temperature, 


+ 


Ry =H, alkyl, ary], heterocyclic;+ ==1.2, 
With dimedone, only nitroethylene reacted In a ratio of 2 moles per mole of diketone (without a catalyst); 
the aromatic nitroolefins formed monomolecular addition products, However, 1,3-indanedione reacted both of 
the hydrogen atorns of Sts methylene group with all of the nitroolefins tested (nitroethylene, B -nitrostyrene, furyle 
nitrocthylene, and thienylnitsoethylene). 4-Hydroxycoumarin could be condensed only with B -nitrostyrene; the 
the aliphatic niuoolefins (nitroethylene) polymere 
TABLE 1 ized under the conditions of the zeaction, while aro- 
matic nitroolefins containing a nucleophilic substite 
— Yield, in percent the al 
-methoxy gioups not react owing to the 
product benzene methanol activity. 


(Vv) 76 45 The formulas ofthe substances synthesteed the 
(vip ° 23 reaction conditions, and the results of the analyses 
are presented ia Tables 2 and 3, | 


aad eer 5° The components containing the methylene 
45 group can be arranged in approximately the followe 
(xD 41.5 ing serles with respect to decreasing activity In the 

reaction: 2-phenyl-1,3-indanedione, 1,3-indanedl- 
one, dimedone, 4-hydroxycoumaria, 


* Reaction time 1 hour, 
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‘TABLE 


Starting materials 


methylene compo- 
nent’ 


nitsoolefin 


Final product 


® Products (1)-(1ID and (XI) were prepared In a-methanol medium in the pres 


CHy=CHNO, 


Hy 


4 


Hy 


H(CH))y 


0) F(CH,CHNO), 


(cH); 

qm) 


CHNO, 


(xa) 


ence of sodium 


methylate; products (1V)-(X1) were prepared In benzene in the presence of triethylamine,” - 


tion 
hours : 
| 0,5 | sz 
| 
CHy=CHNOs 
CH,NO, 
wv) 3 | 80,6 
| hal 
CHC —CH 10 | 8. 
| | Ore 23 


TABLE 3 


Found, % Calculated, % 
stance | M.p..°C 


99-100 } 50,38 
50,40 
135° | 66,27 
66,32 

178—179 | 61,68 
61519 

110 53,45 
53,15 

196 67,81 
67,59 

(v1) 213 54,98 


55,23 
(VI 156 


71,16 
71,45 

(1X) 165 74,13 
74130 

(Xx) 193 06,14 
66.31 

(X1) 432 69,93 

69,92 
(XIN) 155-157] 65,15 
65,25 


6,29 
6,56 
6,83 


2b 


3.5 


71,21 5,63 
74,26 | 4,35 
66,34 | 3,86 | 6,97 
69,79 | 4,15 | 3,87 
65,29 | 4,48 | 4,50 


333 55 


Suongly acid diketones (Kpis 197%) 2-nitrodimedone, 2-nitro-1,3-indanedione, and 1,3-indanedione-2- 
sulfonic acid did not react with nivoolcfins. Apparently only 8-diketones having optimum acidity, which de- 
tcrmines the lability of the hydrogen atoms of the methylene group, are capable of condensing with nituoolefins. 


The reaction medium has a substantial effect on the success of the reaction, 


Nonpolar solvents (benzene) do not promote enolization of cyclic B-diketones [1], which undergo Michael : 
condensation in the keto form [2] and therefore such solvents favor the reaction; polar sol vents (methanol) have 
the opposite effect. 


The nitro derivatives resulting from the syntheses were converted to the corresponding ns “7? catityie 
hydrogenation over nickel catalyst. 


This proposed method for the synthesis of dettewiions of cyclic B-diketones consists of replacement of the 


hydrogen atoms of the methylene tigi of the diketone by a nitrocthyl group connected to different alkyl, ary 
and heterocyclic groups. 
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PREPARATION OF CRYSTALLINE TRANS-1,4-POLYBUTADIENE 
AND TRANS-1,4-POLYISOPRENE AND A STUDY OP 

THEIR PROPERTIES 


E. I. Tinyakova, Corresponding Member AN SSSR B. A. 
Dolgoplosk, A. I. Marei and M. Z. Al’tshuler 


Institute of High-molecular Compounds, Acacemy of Sciences, USSR 
S. V. Lebedev All-Union Scientific Research Institute of Syathetic Rubber 


Crystalline diene polymers (trans-1,4- and cis-1,4-polybutadiencs and polyisoprenes) having an ordered struce 
ture were first prepared by Natta and co-workers who used catalysts formed by the interaction of organoatum{num ° 
compounds with halides of metals having variable valence 


We have found that ordered trans-1,4-polymezs of buiadiene and isoprene can be prepared using oxide cata 
lysts, in particular, chromium oxide on silica-alumina, In the present conimunication, we present the first re- 
sults of our work in this field. 


cm/sec 
cm/sec-10% 
Ir 


@ 


& 


Fig. 1. Differential curves showing the relationship between the rate of 
deformation of polybutadiene and temperature, 1 and Il indicate the cys 
cles. Heating in Cycle 1 was to 220° for Graph a and to 250° in ae cass 


Graph b. 


The catalyst was prepared by impregnating sllica-alumina (10% Al,O, and 90% SiO,) witha solution of chro- 
mium tloxide and subsequent activation with dry air (5 hours at 500-550"), The polymerization was carried out 
at 79-80" in solution in benzine (bp, 100-130") or toluene, which were used in a ratio of 2 volumes per volumeof 
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monomer, The components were charged to ampoules under an atmosphere of dry, oxygen-free nitrogen. The 
isoprene polymer was separated from the catalyst by solution in hot benzene, while the butadiene polymer was 
sepatated by solution in hot xylene, The hot polymer solution was filtered from catalyst, excess solvent was dis- 
tilled under vacuum, and the polymer was precipitated with methyl alcohol and dried under vacuum to constant 
weight. In order to protect the polymer from oxfdation at all stages of the separation, pheny!-B -naphthylamine 
ot aldol-c-naphthylamine was introduced {nto the solution. In all cases, polymerization was practically come 
plete after 10-12 hours; the yield of polymcr was quantitative, 


TABLE 
Change in Density of Polybutadiene During Heating 


Max, Polymer density 


Test cycle Polymer solubility 


temp, hr p2™pleno, 1 |sampleno, 2 in 


Original sample 


100 
47 Sampleno,1 
33 


IV 
Vv 


0 


oe 
Cn 


Saas 


Polyisoprene. The polyisoprene was a solid product which began to soften at a sstnpenione of 38-40°, Ac- 
cording to infrared data®, 99% of the units of the polymer chain had trans-1,4-configuration, and 1% of the units 
had added by 3,4-addition. Thus, this polyisoprere was practically pure trans-1,4-polymer. Its unsaturation, as 
determined by reaction with iodine monochloride [2], was 100% of that required by theory (iodine number 370- 
374). In conformity with its high ordered structure, the polymer was crystaliine, a fact which was confirmed by 
x-ray data (Figure 2a). X-ray patterns obtained for the polyisoprene and for natural B -gutta~percha were similar. 


Polybutadiene. Our polybutadiene was a crystalline, fibrous substance, insoluble in benzine and benzene at 
ordinary temperatures and readily soluble in hot toluene. In connection with this, an investigation of the absorp- 
tion spectrum of the polybutadiene in the infrared region was carried out on films prepared by extrusion at a teme 
perature of 130° and 150 atm. ‘rhe resulting spectrum had a sharp maximum in the region corresponding to a 
trans-1,4-configuration of the polymer units. There was practically no Ase iguan in regions correspending to 
1,2- and cis-1,4-units, 


X-ray patterns ofunstretched polybutadiene films are shown in Figure 2b, 


This polymer was characterized by a high density. Different samples of polybutadiene prepared in solution. _ 
in benzene had densities of 0.991 to 1.015 as against 0.92 for amcrphous polymer; the density of the fist fraction 
which separated as the polymer was washed from the catalyst surface was somewhat lower than the succeeding 
fraction. This was especially noticeable for polymers-prepared by polymerization in toluene solution (the density 
of the last fractions was 1.010-1.005, while the density of the first fractions was 0.98). The decreased density of 


the first fractions and their better eon is connected with the presence of disturbances in the structure of the 
chain, 


We also studied the temperature dependence of deformation rate of the polybutadiene under a constant ~ 
compressive load(25 kg/cm), The work was carried out with a modification of the apparatus used for the deter- 
mination of the glass temperature of rubbers [3} this permitted heating the samples to 400°, The temperature was 
increased at a rate of 2-3°/minute, The testing was carried out with samples In the form of cylinders 6-7 mm 


high and 7 mm in diameter, which were prepared by oe the — at a temperature of 130-150° anda 
pressure of 100 atm, 


© The infrared spectrum of polylsoprene was obtained by K, V. Net'son, and that for a was s obtained 
by E.'1. Pokrovskil; the were taken by L. A. Volkova, 


i 220 0,983 ~ 
270. 
270 
a 290 


Fig, 2, x-Ray photographs of poly{soprene (a) and polybutae 
diene (b). 


After taking a deformation~ temperature curve (Cycle I), the sampie '1as cooled to room temperature and 
the same relationship was determined a second time (Cycle Il). Cycle lil of the test was carried out on the same 
sample. In certain cases, the sample was brought to a predetermined temperature and held there for several hours. 
The course of the curves was readily reproducible with different samples. In Figure] are ee typical dif- 
ferential curves illustrating the rate of deformation at different temperatures, 


The curves are characterized by the presence of two maxima. The first, small maximum, which corresponds 
to a temperature of 75-80*, is apparently due to defective crystals which melt at a lower temperature. The height 
of the first maximum increased in Cycles I and UL A certain decrease in the density of the polymer (see Table) 
corresponds to this increase in height of the maximum. The second, major maximum occurred at a temperature 
of 125-140°, which is apparently also the melting point of trans-1,4-polybutadiene. The sharp decrease in the 
yield of the polymer to compression at temperatures above the melting point (above 140°) is due to partial cross 
linking of the polymer. Secondary processes of cross-linking of polymers in the crystalline state at elevated teme 
peratures close to the crystalline melting point apparently proceed more intensively than in amorphous polymers 
under the same conditions. This effect is analogous in its nature to the effect of high pressures on the rate of cheme 
ical reactions, particularly polymerization processes. The height of the second maximum decreases from Cycle 
Ito Cycle IL, and tie decrease is more, the higher the temperature and the longer the time the sample {s heated, 
At the same time, there {s a loss of solubility of the polytner and a decrease in its density, which, In some cases, 
drops to the density of an amorphous polymer (see Table), 


At higher temperatures (270° and above), after the period of decreasing polymer density corresponding’ to 
the transition to the amorphous state, there was a period of increasing density. The latter period was due to < “a 
siderable development of the process of cross-linking owing to the double bonds in the polymer chain, 
LITERATURE CITED 
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SELECTIVE HYDROGENATION OF THE ACETYLENIC BOND IN 
2-BUTYNE-1,4-DIOL TO AN ETHYLENIC BOND OVER : 
NICKEL CATALYST 


L. Kh. Freidlin, Balandin 
I. F. Zhukova 


N, D. Zelinskii Institute of Organic Chemistry,Acacsmy of Sciences, USSR 


2-Butene-1,4-diol had found application in various syntheses, and {ts preparation by selective hydrogena- 
ton of commerciaily available 2-butyne-1,4-diol has sezved 2s a subject for a mumber of InvestIgations, Pr. 
catalyst with the addition of a small amount of sodium acid phosphate, boric acid, or piperidine and Co catalyst 
poisoncd with 0.1% potassumihiocyanate have been recommended for the selective hydrogenation of butynediol 
to butenediol. The conditions used with these catalysts were not given. It fs also possible to use iron carbonyl, 


the reaction being carried out at 50° under a hydrogen pressure of 200 atm. 1}. Selective hydrogenation to butene= 


_ diol cannot be carried out over nickel~ copper or skeletal nickel catalysts [2] which are used for thehydrogen= 
ation of butynediol] to butanedio!. Reference [3] also indicates that the reaction fs not selective whea carried 

out in ethyl alcohol over skeletal nickel catalyst. After absorption of 1 mole of hydrogen, butanediol (11%) and 
certain other products of side reactions are found in addition to butenediol (66%) [3]. Nazarov, Bergel’son and 
co-workers [4] found that when the reaction is carried out in methyl alcohol with Pd/CaCO, catalyst, the reaction 
rate drops sharply after the absorption of 1 mole of hydrogen, and they therefore concluded that the process Is step- 
wise. Judging from the fractionation results, by-procucts (10-207) are also formed in the presence of Pd catalyst, 


&S 


e R 


Fig. 1, Hydrogenation of butynediol in methyl alcohol (1), dioxe 
ane (2), and dimethylformamide (3). 


Rate ofhydrogen absorptionml/ 15sec 


It is well known that seeinals hydrocarbons are usually selectively hydrogenated to ethylenic hydrocare 
bons over skeletal nickel) catalyst in the presence of pyridine (oe quinoline) 5} 


It seemed of interest to determine whether selective hyd:ogenation of butynedlol is possible under these coae 
ditions, Two series of experiments were carrled out. One series was at normal pressure, 20°, and with vigorous 
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TABLE 


Taken forthereaction H consumption Av. rate of 


inportion ab- | Half-life. 
of kinetic curvd SOrpu of 

Ast 
mole 


Expt. but 


nee solvent*® 
no. 


mol, 


pyridine, 


ml 


&  [theor,, 


B55 


BAGG 


Lidl 


E,a. ethyl alcohol; m.a. methyl alcohol; diox. dioxane; dmf,~ dimethylformam= 
ide; pyr. pyridine. 

* Calculated for half the total possible hydrogenation. - 

Maximum rate, 

In the presence of butanediol. 


agitation $50. complete oscillations of the rocker per minute); the second series was also at 20°, but was in a rota- 
Ung autoclave under pressure. The catalyst preparation and the experimental method have been described pre- 
viously [5} Each portion of catalyst (0.29 g) was used once. The experimental conditions and results are presen 
ted in Table 1, Figure 1 shows the variation in the rate of hydrogen absorption whh time, The rate of the process 
was characterized by the half-life of the reaction and by the rate of absorption of hydrogen along the horizontal 
Portions of the curves and at the maxima. It may be seen from Table 1 and Figure 1 that butynediol was hydro- 
genated to butencdiol when the reaction was carzied out in solution in ethyl or methy) alcohol; 1,79-1.87 moles 
of hydrogen was absorbed (Experiments 1 and 2). The first mole of hydrogen was absorbed at constant rate (Pore 
tion 1), after which the reaction rate rose sharply (Portion I). This indicates the stepwise nature of the process 
over nickel, and it confirms that successive hydrogenation of the C2=C- and C=C- bonds does not depend oa 


abe 


sorption, ml/ 15 sec 


Rate of h 


@ ym 
Fig. 2, Hydrogenation of butynediol in ethyl alcohol (1), 
ethy! alcohol +0,5 ml pyridine (2), and pyzidine (3). 


10 2,6149 . 
Af 0,5075 
12 2,2629 
13**** | 0.5083 
° 14°*** | 0.5114 
| 0,5006 


- the rates of these reactions. The curve for the addition of hydrogen to butyncdiol in dioxane has the same form 
as the curve for the reaction in alcohol, but the rate in both stages of the process is about half that in alcohol 
(Experiment No, 3). In contrast to the reactions in alcohol and dioxane, in a medium of dimethylformamide the ° 
second mole of hydrogen is ata considcrably lower, rather than higher rate than the first mole : 
ment No. 4). - 


4 


Successive experiments were carried out In alcoholic solution In the presence of pyridine, The catalyst was 
washed with alochol, presaturated with hydrogen, and agitated with a mixture of alcohol and pyridine; a welghed 
amount of butynediol ja alcohol was then inuoduced, and hydrogenation was begun. It was found when low cone 
centrations of pyridine were used (4-8%), the successive hydrogenation of the C#zC- ard C=C- bonds was again 
readily fixed. kinetically, though the maximum on the hydrogen absorption curve disappeared. It can be seen from 
Eaperiments 5-7 and Figure 2 that in the presence of 0.5-1 ml of pyridine, the rate of absorption of the first mole 
of hydrogen was no lower, while that of the second mole was considerably lower. 


In experiments with an Increased concentration of pyridine in methanol (Experiments 9 and 10) and with 
pyridine alone (Experiments 11 and 12), the hycrogenation curves were generally descending (Figure 2); after the 
absorption of one mole of hydrogen, the reaction stopped, thereby demonstrating the selective action of the cata- 
lyst. The sharply distinct effect of the treauncat of the catalyst with smali portions of pyridine on the rates of 
absorption of the first and second moles of hydrogen also shows that butynediol hydrogenates In two successive 
stages over nickel catalyst. Small amounts of pyridine have no effect on the rate of addition of hydrogen to the 
acetylenic bond, but they strongly inhibit the hydrogenation of the ethylenic bond. An analogous selective action 
was observed in the presence of piperidine and quinoline . 


The components taking part in the process can apparently be arranged In the following order of decreasing 
adsorption oa nickel catalyst: butyncdiol > pyridine >butenediol, Adsorption equilibrium is reached rapidly, since’ 
cn increase in the time of the preliminary treatment of the catalyst with pyridine from 10 minutes (Experiment 
5) to 20 minutes (Experiment 6) to 1 hour (Experiment 7) had no effect on the rate of absorption of the second 
mole of hydrogen. Butenediol can also be adsorptively displaced by butanediol, since in Experiments 14 and 15 
with low concentrations of pytidine in alcohol and in the presence of butanediol (0.51 g), only 1 mole of hydro- 
gen was absorbed. In Experiments 5-8, undex similar conditions but with no butanediol present, absorption of 3 
second mole of hydrogen occurred, although at a low rate, 


As seen from Table 1, with an increase in the concentration of pyridine in alcohol (Experiments 9 and 10) 
ard also in pyridine alone (Experiments 11 and 12), hydrogenation of the acetylenic bond to ethylenic proceeds 
very slowly. With the aim of accclerating the process, an experiment was carried out under 15 atm, of hydrogen. . 
As was expected, the reaction — hydrogen pressure in the presence of pyridine proceeded selectively and con= 
tider2bly faster. 


Catalyzates from experiments in which increased amounts of butyncdiol were used and which were carried 
out both at normal and elevated pressures were distilled under vacuum. After distillation of the solvent at 110- 
and 6.5 mm, butenedio! with 1.4770-1.4778 distilled. Literature data for butenediol: b.p. 135°/13 mm;, 
n™D 1.4780 [3, 4} 0.53 g of this butenediol was hydrogenated over skeletal nickel at 20°, The consumption of 
hydrogen corresponded to that theoretically required. 


The results of our work show that during the hydrogenation of 2-butyne-t, 4-diol over skeletal nickel catalyst 
in alcohol or dioxane, the second mole of hydrogen is absorbed at a considerably higher rate than the first. Small 
2mounts of pyridine had no effect on the reaction rate in the first stage and sharply decreased it in the second stage, 
The half-hydrogenated product in the presence of pyridine is butenediol. Our data indicate a stepwise nature for 
the hydrogenation of butynedio} and that skeletal nickel acts selectively in the presence of pyridine, both at nore 
mal and at elevated hydrogen pressure. - 
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CRYSTALLINE MIXED ORGANOZINC COMPOUNDS 


N. 1. Sheverdina, L. V. Abramova and Corresponding Member 
AN SSSR K, A. Kocheshkov 


L. Ya. Karpov Physicochemical Scicnufle Research Institute 


Zine compounds having the formva! R,Zn (where R is alkyl) have been known in the pure state for more 
than a hundred years {1}; however, in spite of the considerable length oftimesince this Investigation, mixed 
organozinc compounds of the type RZnX have not yet been {solated in the crystalline state, although numerous 
syntheseshave been sucessfully carried out with their solutions [Z} 


It is a re:narkable fact that the many Investigators cealing with solid organozine compounds as intermedi 
ate stages in the preparation of dialkylzincs did not characterize these compounds by OR: them in the pure 
form znd analyzing them; consequently, thelr composition was not proved. 

In 1903, Gvozdov [3] having available a crystalline compound obtained from ethyl fodide int zinc, made 
an sttempt to crystallize it froin ethyl iodide as a solvent, but he neither analyzed the substance nor ascribed to 
lt any specific formula, Blaise [2] by the action of zinc bromide on an arylmagnesium bromide obtained a come 
plex compound which had two metal atoms ~ zine and magnesium — in the molecule. Finally, Garrett and co- 
workers [4] recently investigated the system diethylzinc-zinc bromide in hexare, but without {solating any com- 
pound. 

In cur systematic studies of the problem of individual crystalline organometallic compounds of the first to 
third groups of the periodic system and complexes of these compounds, we undertook the problem of {solating 
mixed organozine compounds of the aliphatic and aromatic series in the form of complexes with echez or dioxane 
and of determining their composition, 

It seemed to us that there are three basic synthesis routes to such compounds; 1) the direct action of zine 
on alkyl halides, Z) the action of zinc halides on organomagnesium compounds, and 3) i aaa through 
the action of zinc halides on dialkylzincs or diarylzincs, 

As is well known, the first route is applicable only to aliphatic halogen derivatives, and actually only to 
iodides. (The reaction of metallic zinc with a mixture of alkyl bromides and Jodides by Noller’s method [5] is 
inapplicable, since it-can lead to a mixture of RZnX with different halides.) 


The second route (Blaise’s method [2} Leads, as already pointed out, to a substance containing both Mg and : 


Zn, 


The use of the disproportionation reaction seemed to us to be expedient: 
R3Zn + ZnX3-+ 2RZnX, 


since it did not limit us in the selection of the radical (alkyl or aryl) or in the selection of the halide, 


As we have shown in the present investigation, when a solution of R,Zn in ether {s added to an equivalent a 
amount [Equation (1)} of a solution of zinc halide in the same solvent, a mixed organozinc compound of the type 
RZnX is formed. Recovery of the compound from solution as a compound having a definite formula was accome 
plished by the addition of dioxane to precipitate the crystalline complex RZnX- CO, 
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For the purpose of identification, this same compound was prepared by the direct action of alkyl halide 
on zinc, treatment of the solid material with cther, and precipitation from the ether solution with dioxane. 


Morcover, as regards aromatic compounds, mixing at room temperature of ether solutions of, for example, 
diphenylzine and an equivalent amount of zinc fodide and subsequent concentration of the solution gave crystal- 
line mixed organozinc compounds {n the fos of —, with, for example, ether; analysis of these compounds 
indicated the composition ArZnX°* (C3H;),0, 


As regards the structures of these mixed organozinc compounds of definite composition, which were pre- 
pared by us for the first time, it can be stated that, first, the crystalline complexes obtained by disproportiona- 
tion and by direct reaction between zinc and ethyl fodide were Identical; second, (according to Krause and 

Fromm [6) the action of a Grignard reagent on a solution of an organozine compound (prepared from ethyl lo- 
dide and zinc) leads to unsymnietrical RZaRy: 


and this quite Indirectly indicates the composition of the original organozine component to be R7.nX.© 


These mixed organozinc compounds were white crystalline substances, soluble ic ether, dioxane, and aceto= 
acetle ester and insoluble in benzene, hexane, carbon tetrachloride, and chloroform; they react violently with 
alcohol and water, for example, but are not afr hypergolic, and are completely stable when stored in sealed ves- 
scls in an atmosphere of dry, inest gas. They do not {nherently have a definite melting point (decomposition). 


- These crystalline substances react with acyl halides with the formation of the corresponding ketones. 


_ EXPERIMENTAL 


All of the experiments described below were carried out in an atmosphere of dry nitrogen or argon in an 
apparatus previously developed in our laboratory during investigations in the field of eo compounds 
fi} 


The zinc chloride and bromide were dried by distillation sand a quartz retort. Anhydrous zinc fodide was 
prepared by the literature method. 


The dioxane (1,4-dioxane throughout this paper) and ether were dried over sodium in the ane mannez. 


. Mixed organozine compound C,HZnI- C,H,O, from diethylzince and zinc fodide. Solutions of 2 g (1 mole) 
of diethylzinc in 15 ml of ether and 5 g (1 molg) of zinc iodide in 20 ml of the same solvent were mixed. On 
the addition of 10 ml of dioxane, a white crystalline precipitate formed; this was suction filtered, washed with cold 
petroleum ether, and drie¢ under vacuum. 1.7 g of material was obtained (yield, 80% of theoretical). 


This complex was similar in {ts Senet to the complex obtained from zinc and ethyl lodide Gee follow> 
ing experiment). : 


Found %: Za 21.60; 21.64; 141.11; 40.83 C,H,,Znl0,. Calculated %: Zn 21.15; 141.04 


Mixed organozinc compound C;H;ZnI° C,H,0, from zinc and ethyl lodide. 13 g of zinc-copper alloy (8% 
copper), in the form of turnings, was placed in a 300-ml flask fitted with a reflux condenser and a stizrer with a 
mercury seal; 15.6 g(1 mole0 of ethyl iodide was added, and the reaction mixture was heated, with vigorous ~ 
stirring, to the boiling point of the ethyl lodide. A vigorous reaction began afteg half an hour, and the entire re- 
action mixture congealed into a grey, solid mass, which was dissolved in 30 ml of ether and filtered, under nit- 
rogen, through a funnel Sti: a No, 4 glass filter. 20 ml of dioxane was added to the filtrate, ee a 


‘© Another possibility is to ascribe to the cienaniti obtained, by analogy to the organolithium ternary compounds 
studied by one of us and T. V. Talalaeva OL the formula of tre ie complex R,Zn- ZnXg° 2C,H1,0, (with the 
appropriate ethes). (Cf. also [4]). 


~ 


white,crystalline precipitate formed. The precipitate was suction filtered, washed with cold peuoleum ether, 
and dried under vacuum, 25. 4 g of material was =e. (80. ee of theoretical, calculated on the ethyl lodide 
used). 


Found Zn 21,25; 21.30, 141.04; 41.20 Calculated %: Zn 21.15; 141.04 


Interaction of C,1,Zni- C,H3O, and benzoy) chloride. A suspension of 8 g of C;HgZnI-C,H,O, (1 mole) in 
10 ml of dry tolucne was charged to a 250-ml Mask fitted with a stirrer with a mercury seal, a dropping funnel, 
a thermemeter, and a reflux condenser, The contents of the Mask were cooled to 5° by means of external cooling, 
and 2.4 g of benzoyl chloride (0.66 mole) was added dropwise; no increase in the temperature of the reaction 
mixture was observed during the addition of the benzoyl chloride. The cooling bath was removed, and the mix- 
ture was stirred at room temperature nul the odor of benzoy!] chioride disappeared (about half an hour). After 
decomposition with water, the toluene layer was separated, and the water layer was extracted with toluene. The 
toluene solution was washed with water, dilute ammonia, and again with water and dried over calcined potassium 
carbonate. The toluene was distilled leaving 0.72 g of substance with a boiling point of 225° (the boiling tad 
of ethy! phenyl ketone is 218°). The yield was 31. 3% (calculated on the benzoyl] chloride used). 


Mixed organozine compound p-CH,Cc,ZnPr - (C;Hs),0 from di-p-telylzinc and zine bromide. Solutions of 
1.5 g (1 mole) of di-p-tolylzinc in 10 m} of ether aid 1.3 g (0.95 mole) of zinc bromide in the same volume of 
the same soivent were mixed (a slight turbidity formed during mixing). One-third of the solvent was distilled 
undez vacuum and the resulting white, crystalline precipitate was suction filtered and dried under vacuum. 26 g 
of material was obtained (yield 72.5% of theoretical). 


Found ®: Zn v1.20; 21.44; Br 25.76; 26.05 Cy,H,7ZnBrO. Calculated %: Zn 21.08; Br 25.74. 


tixed organozine compound C,HsZnl-(C;Hs);0 from diphenylzine and zine fodide. Solutions of 1.1 g 
(1 mo‘c) of diphenylzine in 10 ml of ether and 1.55 g (1 mole) of zinc iodide in 10 ml of the same solvert were 
mixed and allowed to stand for a pesiod of several hours (a slight turbidity formed when the solutions were poured 
together, but this disappeared on standing). A considerable part of the solvent distilled under vacuum, and the 
resulting white, crystalline precipitate was sucuion filtcred and cried in a steam of nitrogen. 2,6 g of material 
was obtained (yield 79.C% of theoretical). : 


Found %: Zn 18.63; 19.16; 136.67; 37.03 Calculated %: Zn 19.05; 1 36.97 


Interaction of CgHZnlI-(C,H,),0 and benzoyl chloride. A suspension of 11.3 g of C.H,Znl-(C;H,),0 (1 mole) 
in SO ml of dry toluene was charged to a 200-ml task fitted with a stirrer with a mercury seal, a dropping funnel, © 
a thermometer, and a reflux condenser. The contents of the flask were cooled by external cooling (ice), and 3 
5 (0.66 mole) of benzoy] chloride was added dropwise in a manner such that the temperature of the reaction mix= 
ture did not exceed 5°; after addition of the benzoy] chloride was complete, the reaction mixture was stied for 
an hour without cooling. After decomposition with water, the toluene layer was separated and treated in the 

usual manner. Distillation of the toluene gave 2.8 g of a substance with a melting point of 42-44° (without re- _ 
tty:tallization; m.p of benzophenone, 48°). The yield was 72% of theoretical, calculated on the benzoyl chlo- 
tide charged. 
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COMPLEX FORMATION OF Np* AND NpO,* WITH TRILON BIN 
AQUEOUS SOLUTIONS : 


A. D. Gel*man and M, P. Mefodveva 
Institute of Physical Chemistry, Aczdemy of Sciences, USSR 
(Presented by Academician V. L Spitsyn, July 7, 1958) 


The interaction of actinides with Triloa Be has been investigated by a series of authors [1-4] over the 
last few years. However, there are nodata in the literature on complex formation of neptunium with this addend, 
We attempted to fill in this gap as far as possible. 


Complex formativn of Np (IV) was investigated In hydrochloric acid solution containing 0.3 M N;H4- HCI 
and complex formation of Np (V) in nitric acid solution.** The fonic suength p was kept constant by the ad- 
dition of KCl and KNOg, respectively. 


The neptunium content was determined by 
spectrophotomctric titration (by A. A. Chaikhorskil's 
method, with an accuracy of # 3%). The Trilon B 
solution was prepared from doubly recrystallized acid. 
The optical density, D, was measured on an SF-4 
spectrophotometer. The acidity of the solution was 
determined either by ttzation or by measurement 
on anLP-5 potentlometes. 


Complex formation of Np“** with Trilon B 

920 The addition of excess Trilon B to an Np (iV) solutioa 

at ph 5.5 displaces the absorption intensity toward 

Fig. 1. Absorption curves; 1) solution of Np(IV) longer wavelengths, so that instead of a maximum at 
in1 N HCl; 2) solution with equivalent amounts 7122 m4, a maximum at 740 m appears and a maxi 
of neptunium and Trilon at pH 1.1; 3) solution mum at 780 my is also produced. The maximum at 
containing a 10-fold excess of Triton with respect 960 my is displaced to 983 mp. An Increase in the 
to Np {IV) at pH 4.8; 4) solution containing a pH to 6.8 led to fall in the maxima at 740 and 780 


10-fold excess of Trilon at pH 9. my and a maximum appeared at 988 mp instead of 
the maximum at 983 my. Reducing the pH to 5.2 


reversed this process. 
- When the pH was reduced below 3, the dis- 
placements of the maxima in the complex spectra were as follows: 740 wi mH: 780 myi-768 mu; 983 my 
976 my (Fig. 1). 


. 


*Trilon B fs the disodium salt of ethylenedlaminctetraacetle acid (HOOC—CH,),~ N~(CHy);-N-(CH COOH), 


usually denoted by Hgy or EDTA. 
formation of Np* with Cl’ in 1 MHC1 fs extremely slight and was neglected; the same fs te 
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Fig. 2 shows two plateaus ®: 1) in the range from 0.5 N HCI to pil 2; 2%) from pil 3.5 to pH 6.5, 


Apparently, in each of these ranges the formation of some one complex compound predominates. The 
formation of an Np“ complex with Trilon occurs even in 2,17 N HCI, since the values of € ¢*at 736 and 976 
ny are high In comparison with the spectrum of Np“". We should note that over the whole acidity range from 
2.17 N HCI to pH 2, there are no other maxima besides those at 736, 768 and 976 mp. 


TABLE 1 


Calculations of Stability Constant for the Complex of Np“ with Trilon (¢,,* 40; ¢y cpap 
42736 mp) 


K 


Trilorig 
e 10* 


INpH,yj** 


9,85,0,553 
13,2510, 001 
10, 22/9, Ost 
10,290,122 
10,7 [0,123 
29, 8 0,2 225 
13,3210, 442 
[0,26 
22,6 [0,273 


Acid= 
Ce 


6,6 -10° 6,68-10 
6,29-10° 1,03-10° 


2 

4 

2 4,31-107 2,97-10¢ 
6 615-17 
8 2,32-10° 7, 44-104 
7 

9 

i 

{ 


1,16-10 5,08-10° 
9,78-10" 5,36-40 
10-* 1,83-10 453-10 
10-8 3,54-10" 1,08-39 


3,8 -10-" 


. 


Mean °°... (5,743,47)-10" 


Inall experiments, equalled 1 N, ‘Increasing the acidity and above was 
accomplished by adding HC1O, and NaClO,, 

¢¢ In all the tables, the concentrations are expressed In moles per liter. 

eee For p= 1. 

The results are similar for = 976 mp. 


Thus, spectrophotometric data Indicate the predominant formation of only one complex compound over . 
this tang. In investigations at pHs above 2, it was necessary to consider the hydrolysis and disproportionation 
of Np™. 


The composition of the complex, f.e. the ratio 
(Trilon n} was determined by spectrophotomertri¢c 
titration of Np~ solution with Trilon (at constant 
acidity and with p =1). The titration curves, show- 
ing the dependence of € of the main maxima on the 
ratio [Np]/ [Trilon] in solution, have a break at the 
ratio. 1:1, changing into a plateau, which indicates 
the formation of quite a stable [5] complex compound 
with the given composition. Similar curves were ob- 
tained for 0. SN HCI and for a solution with pH 1.1. 


We attempted to calculate the concentration | 

stability constant K = ([NpH my™*tY 
- The formation of complexes with compositions other 
Fig. 2, Dependence of € of main Np (1V) maxe than [Np]/ [Trilon}=1: 1 was excluded both on the 
ima In the presence of excess Trilon on medium - basis of titration data and as a result of calculations 
Maxima for a: 1) 736 mp, 2) 976 mp; for b: based on the formula K= Co/(Cm—CeX Ctr ~ aCe)", 
1) 738 and 739 mp, 2) 980, 981 and 982 mp; where Cg is the concentration of complex fon in the 
for c: 1} 740 mp, *) 983 mg. equillbrlum solution, Cm, the total concentration of 


© The dotted ine Indicates the approximate character of the curve, * 
ee Is the average molar absorption coefficlent; = D/C (mole/ liter). 


[ 
| 
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i | 1.6] 65.6 | 
4,30] €6,6 2 7,91-19-* 
4,72} 20,0 6,16-t0-* 
9,3 €6,6 1,53-10-* 
9,24] 66,6 7 2,73-10-* 
16,38] 20,3 3 3,29-13-° 
$1,905] 14,7 3 $,0 -10-° 
29,17] 22,0 | 
24,02] 22,0 0 
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$e 
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neptunium and the total concentration of Trilon, : 


The concentration of free ton was found by difference Cm and Cg calculated from the value D 

by the formula C, = D- m/¢7 €m for the two wavelengths 736 and 976 mp. ¢m and are the molat abe 
sorption cocfficicats of Np* and the = complex. The values of ¢¢ were takeo from the graph (Fig. 2.). €m was 
determined by measurements of Np* solutions, not containing Trilon (with the same acidity and #=1), The cone 
centration of cach EDTA anion was calculated fiom formulas in the I{terature [3} 


7 . The stability constants were calculated for 
— all complexes, which could be formed in the sys 


e 
TA. tem (with the condition that only one was present 
x at one time). As Table 1 shows, the value of the’ 
constant is most invariable over the whole acidity 
a Vom As already noted, the experimental data do 
not make it possible to Identify the presence of 
: 70 909 two different complexes, An attempttosolvea 
1000. 7 system of two of the type Cc ACm-C*e) 
? 
Fig. 3. Dependence of of some atsorption bands of also 
Np (V) on pH. of ! on 
asis of the great stability of the complex forme 
Ww <00- 
00-fold excess of Trilon; 2) with a ratlo of shove, 
: complex formation of other element with Trilon, $ 
we are inclined to think that the ps gaan 2 
plex is [NpH,y}” with K=(5.74 3.47)° 10", 
Complex formation of NpO,* with Triton B, Three series of experiments were performed in the Investiga- ' 


uon of complex formation by Np(V). 


In series 1, NpO,* was titrated spectrophotometricelly at pH §.5 with asolution of Trilon(p=1). The pH 
was kept constant by the addition of alkali and checked by the light absorption of Methyl red (6), The absence 
of Np (IV) from the solutioa was verified by the specuum in the region 700-740 mg. The titration curve indicates 


TABLE 2 TABLE 3 


Calculations of the for Calculation of the Constant forthe 
the Complex of NpO,* with y™ with a 200- plex of NpO,* with y* with Equimolar Amounts ae 
fold Excess of T:ilon in the Solution si59 
#1~0.1; Cp =5.56 +104 =0.1 M; (Cm =5.56-10°4 89 
€m*=89; 230) 230) 
US 
9,8 | 0,107 | 4,03 | 3,29-10-" | 86-1000 
38 | 0,813 | 4,5 1,62-10-1 | 2.09.50" 
4,2 0,124 | 5,28 | 9,15-107% | 2,06-s9°° 3,8 | 0,056 4,25 4,35 6,19-10-"] 2,97-408 
44 0,126 5,43 4,0 0,058 1,63 3,97 44,32-10-* 2,15-40% 
Mean « « « (2,2620,36)-10" 4.4] 0,002] 2,6 | 3.2 | 
Mean + @.2420,08)-30" 
‘ 
This was not taken Into consideration in 
calculating the mean. © This was not taken into consideration in cale + Sera 


culating the mean, 


* For other complexes, the value of K changes by several orders, 
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the formation of only one complex of NpO,* with y*”. Calculation of the stability constant was possible only 
for the complex 1.79)- 10°. 


In experiments of serles 11, the dependence of complex formation on pH (Fig. 3) was Investigated with a 
large excess of Trilon, Apparently, comptex forination fs complete at pH 4.5; since from this value up to pH 10, 
no change in spectrum was observed: this indicates that only one complex {s formed In this range. The value 
of K for [NpO,y}* was calculated for pH 3,2-4.5,® The value K=(2.264 0.36)- 10" differed slightly from that 
found by titration, but this may be partly explained by a difference in the fonic strengths. It Is {nteresting to 
note that the constant we found for [NpO,y]* (pK = 10,3), is close to the constant for (pK= 10.2) [4}. 


In experiments of series II, an Investigation was made of the dcpendence of complex formation on pH for 
a solution with equimolar amounts of Np (V) and Trilon. As Table 3 shows, all the Trilon {s already bound at 
pH 6.3. Doubling the Trilon content leads to an Increase in € (from 225-226 to 235) without a noticeable change 
in the position of the maximum (by0.5myp). In contrast to previous experiments, with a low Trilon content It 
was possible to calculate the constant for the dinuclear complex in the pH range 3.25-4.4 (see Table 3). Although 
we were unable to obtain spectrcphotometric proof of the formation of {(NpO,),y}*", nonetheless, the high Invarl- 
ability of the constant calculated for ((NpO,),y}” makes it Incorrect to reject the possibility of Its existence. 
Apparently, an unequivocal solution to the problem may be found by the use of other physicochemical methods 
and also the preparative method. 
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THE ADDITION OF FULL ESTERS OF PHOSPHOROUS ACID 
p-BENZOQUINONE 

V. A. Kukhtin and K, M. Orekhova 

Kazaa Branch of the All-Union Cinematographic Research Institute 


(Presented by Academician B, A. Arbuzov, October 9, 1958) 


In previous publications we described some new reactions of full esters of phosphorous and phosphinous 
acids with various 4,7 -conjugaicd systems —esters of a,B8-unsaturated acids [1,2] a,B-unsaturated aldehydes 
[3] and diacetyl (4} These reactions proceed according to the Arbuzov rearrangement [2, 4} 


In continuing the investigation of new forms of the Arbuzov reacrangement, we decided to study the re- 
actions of phosphites with quinones. 


Ramirez and Dershowitz [5] and later Hoffman, Horner and Hassel [6] showed that the product of adding ~ 
uiphenylphosphine to p-benzoquinone had the structure (I) and the products of interaction with chloranil, the 
structure (11). 


a 


be bp H 

ay avy) aa) R= 

b) R=GH, 

c) Rex Gis 


Asaresult ofreacting triethyl phosphite with chloranil, Ramirez and Dershowitz [7] obtained addition prod 
uct with the structure (IJ). In a recently pudlished paper [8], the same author presented a new method of pree 
paring monoalky! ethers of hydroquinone, based on the hydrolysis of the addition products of uialkyl phosphites 
and p-benzoquinone, chloranil and other substituted p-benzoquinones, In the opinion of the authors, the addi- 
tion products of trlalkyl phosphites and p-benzoquinone have the structure (1V). Study of the paramagnetic res 
onance spectra of the reaction of chloranil with ulethyl phosphite showed that this reaction apparently proceeds 
by a free radical mechanism [7} 


We prepared the addition products of som.e trialky] phosphites and p-benzoquinone. The seaction was pez~ © 
formed in dry benzene by the gradual addition of the ulalky! phosphite to p-benzoquinone solution. When the 
first drops of phosphite were added, the solution acquired a red color and the teinperature gradually rose to 60-70", - 
when the reaction flask was cooled with water to prevent a further increase in temperature, At the endofths — 
teaction the red color disappeared and the solution had the color of tea, The constants of the products we ob= - 
tained are given in Table 1. When hydrolyzed in acid medium the addition products of trialky] phosphites and 
p-benzoquinone gave hydroquinone as the main product. Hydrolysis with aqueous alcoholic alkali also caused 
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TABLE 1 


Formula B. p. 


il 162—163°/6 mm 


H 


or 162—163°/3 mm 


175—176°/2 mm 


M.p. 70—-75° 
(with decomp.) 


150—151°/3 mm 4, 


cleavage of the phosptiorus part of the molecule. However, these facts still do not prove that the addition prod- 
ucts have the structure (IV) since, as is know, the P~ Ar bond {s readily hydrolyzed if a hydroxy or an amino 
group Is in a position ortho or para to the phosphorus [9} The addition product of triphenylphosphine and p-ben= 
zoquinone (1) Is readily hydiolyzed with the formation of hydroquinone and triphenyl!phosphine oxide (5, 6}. 


To prove the structure of the addition products of trialkyl phosphites and p-benzoquinone, we cartled outa 
synthesis of diethyl p-ethoxyphenyl phosphate by the scheme: 


The constants of the product obtained differed from those of the addition product of triethyl phosphite and 
p-benzoquinone(see Tabdie 1} In addition, it did not have a free hydroxyl group, while in addition products, we 
were able to determine a hydroxyl group quantitatively [product (VI); Calculated %: OH 6.2; Found %: 
OH 5.8). These results indicate that in the addition products of trialkyl phosphites and p-benzoquinone, the - 
phosphorus Is apparentlynot connected to the oxygen but to the arornatic ring and like the addition products of 
triphenylphosphine and p-benzoquinone, they have the structure (VI) and not (ty). § © The reactions of — 
phosphites with p-benzoquinone, probably — mae the scheme; 


| 


* We cannot exclude the poss{bility that the addition products have the structure | pane ‘ 


! 
i$ Yield 
4,4950 | 4,2423 |13,04]13,27] 54 
2 4,4870 | 1,1531 11,33] 44,31] 
3 5 ‘ 
| 4.4820 | 4,1416 | 9,99] 9,81] 53 
du 
| | 5 4805 | 44,31] 72 


In contrast to trlalky! phosphites, ulphenyl phosphite docs not react with p-benzoquinone at room pees 
ctature. When benzene solution of triphenyl phosphite and p-benzoquinone was heated fora long time, the ree 
action mixture gradually acquired a dark red color and on the bottom of the flask appeared a precipitate, whose 
‘amount hardly changed durlng the seaction. After scparation of the Nquid Part, the precipitate appeared as @ 
white amorphous powder, which rapidly changed In alg into a dark red tar with a phenolle smell, When heated . 
in a sealed capUlary it melted at 70-75° and was converted {nto a dark red tarry product, When the product obs 
tained was weated with absolute ethyl alcohol, it also formed a dark red tar and berated phenol. 


In an attempt to distill the liquid part of the reaction products, it was only possible to distill a certain 
ameunt of phenol. Analysis of the product obtaincd for phosphorus showed that it was the addition product of one 
molecule of uiphenyl phos phite and a molecule of benzoquinone. The chemical properties of the product ob- 
taincd compel one to assume that it {s the product of the first stage of the reaction of p-benzoquinone with ule 
phenyl phosphite and has the structure (V). 


In this case, the second stage of the Arbuzov rearrangement cals not be achfeved separately since {t was 
accompanied by conversion of the reaction products to tar, 


We should note that in the reaction of chloranil with tipheny} phosphite, Ramirez and Dershowitz were 
also unable to obtain the final reaction product (Il); they obtalned a readily hydrolyzable product, which, ia 


uicis opinion, had the structure (C,H,O}3 POX 0. In studying the reaction of uiethyl phosphite with p- 


benzoquinone by paramagnetic resonance, we were unable to observe the formation of free radicals during the 
reaction. When this reaction was carried out in the presence of diphenyl picryIhydrazine, it was also impossible 
to detect the formation of free radicals, The paramagnetic resonance spectrum of the reaction of chloranil with 
triethyl phosphite, which we repeated, had two clearly expressed peaks, agreeing with the description of Ramirez” 
and Dershowitz, which confirms the formation of free radicals during this reaction. 


The paramagnetic resonance spectra were obtained at our request by N. S. Garif'yanov and the authors are 
very grateful to him. 
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THE STRUCTURE OF ERYSIMOSIDE ~ A STEROID DIGLYCOSIDE 
FROM PLANTS OF THE SPECIES ERYSIMUM ; 


V. A. Mastennikova, F. S. Khristulas and N. K. Abubakirov 
Institute of Plant Material Chemistry, Academy of Sciences, Uzbek SSR 
(Presented by Academician M, Shemyakin, October 2, 1958) 


Plants of the species Erysimum (celandine) have been studied for steroid glycosides in them only compara= 
tively recently, Pharmacological investigations have been accomplished most successfully and these Jed to the 
discovery of a series of plants, extracts fromm which possessed activity, specific for cardiac glyco:ldes [1-4} The 
chemical study of the active principles of celandines stagnated somewhat and has only been pursued vigorously in .. 
recent yezrs, From early papers [5, 6) it was known that substances with the character of lactones were present 
in celandines and these were apparently the aglycones of glycosides and Feofilaktov and Loshkarev [7, 8] were 
the first to isolate an authentic glycoside, called erysimine, from Erysimus canescens, Recently the glycoside 
helveticoside has been found in E. crepidifollum and E. helveticum [9] and erysimotoxin has been found in EB 
cheirantoides [10} All three glycosides — exysimine, helveticoside and crysimotoxin~ are monoglycosides, 


We made a chemical investigation of the steroid glycosides of Erysimum growing in Central Asia—E. 
diffusum Ehth., E. Gypsaceum Botsch. et Vved., E. Marschallianum Andrz., E. repandum L., E. violascens Pop., B 
vitillinum M, Pop. .This report gives data from work with the sceds of E, diffusum Ehsh., although siintflar: 
glycosides were detected by paper chromatography in other forms of Erysimum, Two extraction methods were 
tricd. Since specific enzymes present in the plants could cause hydrolytic cleavage of the extracted glycosides 
during the extraction process if this were not prevented, so that it would not be possible to obtain the plycosides 
in an unchanged form, in the first variation a method was used which prevented the action of enzymes as far 23 
possible. In the second variation, the crude material was subjected to fermentation, The qualitative composition 
of the glycosides at the different stages of the work was controlled by paper chromatographic analysis, 


In the first case, 1. e.,when the action of hydrolyzing agents was excluded, the position of the biggest spot . 
on the chromatogram of the mixture of glycosides corresponded to tht place at which one usually finds diglyco- 
sides of the olftoroside type [11] (Rg = 0.48 2 0.02; system, toluene butanol — water, 1:1:1; developer— Ray= 
mond or Kedde reagents; *sapid" chromatography paper of No, 2 Factory, Leningrad). After a long and multi- 
stage separation (the method of Isolation and purification of the glycosides will be presented in another place), 
the substance moving similarly to olitoroside was {solated and it gave a single spot on a clwomatogram. The 
new glycoside was called erysimoside (I). Elementary analysis of crysimoside Jead to the formula CH,0., 


Found %: C 60.37; H 7.74 C35Hs,0;¢ Calculated %: C 60.33; H 7.52 


Erysimoside is a colorless, amorphous powder with a specific rotation [«]°D =+16.5° 1° (concentration 2.37 
in methanol). It dissolves readily in methyl and ethyl alcohols, quite readily in water, sparingty in chloroform 
and is Insoluble in ether. Erysimoside gives all the color reactions characteristic ofcardiac glucosides of the 
digitalis ~ stophanthus group: Legal, Balet, Raymond, Kedde, Frercjacques and Diurzh— and also the Liebermann 
reaction, characteristic of steroids, The color reaction with 84% sulfuric acid changes in the following way with . - 
Ume: 0 min, ~ green, 1 min, ~ dark green, 2 min. ~ brownish green, 30 min, — brown and 1 hour— browa, 


. 
3 | 
‘ ‘ 
j 
: 
i 
‘ 
i 
‘ 
; 
: 
ig 
i 
; 
; 
. 
eo 
3 


(vi) Strophanthidin (R= H) 
(vo) 


= COCH,) 
(van D-digitoxose 
—OCOG 


(0) Penta-O-acetylerysimo J" Erysimoside Desglucoerysimoside (R= H) 
side Gv) ysimoside 
OCHy) 


D-glucose 


On standing for several days with acetic anhydride in pyridine een, erysimoside gives a readily crys- 
tallizable acetyl derivative with m.p. 221-223° (with decomp.) and {a}° D =33.9° 2 (concentration 1. 60 
in methanol). According to analysis, this compound is the pentaacetyl derivative (IZ). 


Found %: C 59.68; 59.61; H 6.98; 6.81 CgHgO . Calculated %: C 59.69; H 6.89 a 


The acetyl derivative is readily hydrolyzed with potassium bicarbonate {a methanol, but this gives amor- 
phous erysimoside (1). 


The structure of erysirnoside was established by stepwise hydrolysis. When treated with the pancreatic juice 
of the snail Helix plectotropis or an enzyme solution obtained from the seeds of E. diffusum, erysimoside loses a 
molecule of hextose and is converted into a monoglycoside. The sugar eliminated was identified as D-glucose 
(V) by paper chromatography and also the preparatiun of a crystalline osazone with m.p. 205°, 


The part of the molecule left after removal of the glucose — desglucoerysimoside (I) crystallized from 
60% methanol in the form of long, éolorless needles. Flementary analysis of the compouna eas Sees to the 
formula 


Found %: C 64.97; 64.93; H 8.00; 8.11 C..H4.0,. Calculated %: C 65.15; H 7.92 


As with the most cardiac glycosides, the melting point of desglucoerysimoside was not constant, After 
Many recrystallizations and drying over phosphorus pentoxide at room temperature, the desglucoerysimoside had 
m.p 174°175° and {a}"D = + 32,.4°% Z(concentation 2.54 In methanol). The same sample had m.p, 152-155° 
after several hours drying in vacuum at 105-110°, as Is usually done before analysis, ¥ 


Desglucoerysimos{de Is readily soluble in methanol, ethanol and chloroform, slightly soluble in cold and 
readily soluble In hot water, and almost insoluble in ether and benzene, The glycoside gives color reactions, 
characteristic of cardiac glycosides with five-membered lactone rings. .A positive Keller Killani reaction ine 
dicated that the aglycone Is attached to a 2-desoxy sugar, In 84% sulfuric acid, the glycoside dissolves to give 
a brown color, which changes to green after 5 hous. In the toluene— butanol — water system (1:1:1), dese 

* glucoerysimoside moves almost identically with strophanthidin (Ry 0. 85 2 0,02), therefore, to discriminate bee 
tween them better, we used the system chloroform toluene (1: » saturated with formaraide, and a hard chromae 
tography paper. 
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When heated with acetic anhydride in pyridine at 100° for 3 hours, desglucocrysimoside forms. a dlacety! 
derivative (1V) with m.p. 242-243" and + 35,5°4 2%(concentration 2,57 In chloroform), 


Found %: C 63,77, 63.88; H 7.66; 7.64 Cyst40,,. Calculated %:C 64,03; H 7,53 


Attempts to any carbonyl group derivatives (phenythydrazone, oxime and sem{carbazone) were une 
successful, 


Mild acid hydrolysis of desglucocrysimoside led to cleavage of the esate sugar molecule, The aglycone 
(V1) thus formed was recrystallized from alcohol and ether to give rhombic pets with m.p. 176-177, [a}*p 
+ 48.6°4 2 (concentration 2, es {n methanol), 


Found % € 61.17; 67.13; H 8.10; 8.14 0.5 Calculated: C 66.80; 18,04 


This compound gave a monoacetyl derivative C;;13,0;(VI) with m.p. 243° anda crystalline phenyle 
hydrazone with m.p 241-242°, The aglycone of derglucoerysiinoside was Identified as strophanthidin by mixed 
melting points with the derivatives obtained and comparison of the movement on a paper chromatogram, 


The sugar component, remaining in the mother solution after cleavage of the strophanthidin, was fsolated 
and condensed with p,p"-nitrobiphenylsulfonlylnydsazine by the method proposed by Westphal et al.(12].¢ After 
recrystallization from acetoniulie, the sulfonylhydrazone obtained had m.p 155-156° and m.p. 138-139° after 
recrystallization from methencl, which agree with constants of the condensation product of p,p*-niuobiphenyle 
rulfonyihydrazine and D-digitoxose (VII). 


Comparl:on of the molecular rotations of crysimoside, desglucocrysimoside and strophanthidin, shows that 
in accordance with Klyne’s rule 13} the sugar {fs attached by a B-glycoside lnk In both places. Thus, erysimoe 
side is strophznthidin (3)-B -D-digitoxoside-B-D-gluccside; its structure Is represented by formula (1). Exysimoe 
side and olitoroside [11] are diastercolsomeric compounds, 


In the second variation of the extraction, when the seed: were stceped in water in a thermostat at 37° for 3 
days, as would be expected, the main part of the mixture of glycosides was desglucocrysimoside, 


Since desglucocrysimoside and the previously described helveticoside and erysimotoxin [10Jhave the 


chemical structure, must be considered as identical, slight differences in thelr 
constants, 
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SYNTHESIS OF 2,4, 4-TRIMETHYL-3-tert-BUTYLPENTENE-2 
(THE 8-FORM OF BUTLEROV’S TRIISOBUTYLENE) 


A. P. Meshcheryakov and E. I. Erzyutova 


N. D, Zelinskil Institute of Organic Chemistry, Academy of 
Sciences, USSR 


(Presented by Renteaeen A. A. Palandin, July 28, 1958) 


Triisobutylene was first prepared by A. M, Butlerov from tsobutylene in the prescnce of sulfuric alcd ML - 
A. M. Butlerov ascribed the structure of 2,4,4-trimethy]-3-tert-dutylpentene-2 to ulisobutylene. However, sub- 
sequent in nics 20mg ([2-4] and others) showed eon was a mixture of four isomers: 1,1-dineopentyl- 
ethylene (56%), 2,2,4,5,6- -pentamethylheptene (34%), 24,4,6,6- -pentamethytheptenc-2 (5%) and 2,4,4,6,6-pen= 
tamethythep? cne-2(S%). Thus the question of the existence of the B-form of Butlecov’s tiisobutylene remained 
open until the present time and it seemed interesting to find a method of synthesizing this hydrocarbon and study 


ing its properties. One possible method of synthesizing 2,4, siacseste nt tert-butylpentene-2 is the dehydration 
of 


cu 
Ci, — C— CH, 


We found that the dehy drationof In an acid medium was accompanied by isomeri- 
zation of the primary dehydration product, which involved not only migration of the double bond froma B= to 
a-pesition, but also a skeletal change in the alkene obtained. Our experiments on dehydration of the alcohol, 
1) by Zigles’s method [5] 2) under the action of HCl at ~30° and 3) over Al,0, at 220° (156 mm Hg pressure), 
invariably led to the formation of a mixture of a-alkenes, consisting predominantly of 3,3,4,4-tetramethyl-2- _ 
isopropylpentene-1 (obtained by Bartlett) and 2,4,4-timethyl-3-tert-butylpentene-1 and possibly containing — 


fsomerization 
— CH, 
CH, 


cH, cH, 


| 

4 } 
| | 
du, 

ol 

4 


_ To clinilnate skeletal lsomerization during dehydration of the alcohol, we used L, A, Chugaev’s xanthate 
method (6), 


It was only in the dehydration of di-tert-butylisopropylcarbinol by the xanthate method that we were able to ob- 
tain the normal dehydration product, 2,4,4-trimethyl-3-tert-butylpentene-2 (the B-form of Butlerov’s trilso- 
butylene) for the first time together with isomers (11), (III) and (1V). The presence of this hydrocarbon was 
proved by oxidation. The oxidation yielded acetone and hexamethylacetone, 


EXPERIMENTAL 


Di-tert-butylisopropylcarbinol was obtained by two methods: 1) the reaction of tert-butyllithium and 
pentamethylacctone at a temperature of from —60 to —70° [4] 2) by a one-stage method, whose conditions 
we worked out and In which metallic lithium was added to an equimolecular mixture of tert-butyl chloride and 
pentamethylacetone at 20-30% Constants of the alcohol: b. P. 120-12%/ 28-29 mm; d™, 0.8662; n™D 1. 4650, 
MR calculated 59.13, found 59.32 ; 


Found %: 77.2; H13,9; 14.1 Calculated 77.9; H14.0 
Literature data: b. p. 120°/ 30 mm; 1.4665 [7]. Found: Mactive .18; 1.10. 


The dehydration of di-tert-butylisopropylearbinol over Al,0, was carried out a | furnace at 
200-220° ia vacuum (15 mm). Propertics of alkene obtained: b.p. 83-84 _ 28 mm; a? 4 0.8222; n °D 1. 4577, 
MR calculated 57.15, found 55.83, . 


Found %: C 85,51; 85.34; H 14.11; 14.01 Cults Calcnlated%: C€ 85.63; H14.37 


The dehydration by Zigler’s method was carried out in glacial acetic acid with several drops of concen= - 
trated H,SO, added by heating on a water bath for 30 min. The olefinhad: b.p. 87-88°/ 25 mm; d™, 0.6148; | 
n’’p 1.4520; MR found 55.75, calculated 57.19. 


Found%: 85.56; 85.44; H 14.31; 14.37 C,,H,, Calculated%: C 85.63; H14,37 


Dehydration with HCl at ~30°, An alkene was obtained with b.p. o_— 28 mm; d™ 4 9.8165, n™D 
1.4502; MR calculated 57.15, found 55.44. 


Found %: 85.83; 85.73; H 14.31; 14.47 Cute Caiculated %: C 85.63; H 14.37 


The olefins obtained were oxidized with 1% KMnO, solution at 20° for 20 days. Their oxidation proceeded 
very slowly and to complete it, the reaction mixture had to be heated on a water bath for 6 hours, Formic acid 
(detected by the calomel method) was fsolated from the acid oxidation products. This indicated the presence of 
only a-alkenes in this mixture, as was confirmed by the characteristic i (1625 cm™4) in the Raman 


The mixture of alkenes, obtained by dehydration according to Ziglers 1 method and over Al,0,, was hydro - 
genated in n-pentane solution in a rotating autoclave over Bag's catalyst at 180° and a pcg of 200 atm, 
Properties of the alkanes: b.p. 200-201°/ 757 mm and 100-101°/ 32 ara a”, 0.7988; a *p — MR found 
57,2 calculated 57.61, 


Found: C 84.34; 84,38; H 15,65; 15.45 Calculated: C 118,39 ° 


cH, 

| 
| CH, cH, 

: bit, ny, 

| 


The viscosity at 20° was 3,88 centistokes and the solidification point —70°, : 


Dehy dration of alcohol by the xanthate method of Chugaev [6}. The potassium alecholate was prepared 
from GO g of alcohol and converted into the xanthate by trcaunent with carbon disulfide. Treatment of the salt’ 
wids methyl jodide gave 25 g of the pasonyc™ ester. Its constants were as follows after vacuuin distiJatlon (10 
mm): b.p, 135- 140°/ 30 mm; d™, 0.9576; n™D 1.4926, 


Found %: C 61.98; 61.93, 1 10.56; 10.55; 19.4; 19.5 Cy,H,0S,, Calculated 60. 8; H 10. 27; 


S$ 23 


From the analysis it follows that the xanthate ester obtained partly decomposed during distillation and con- 
taincd a small ammount of olefin. The xanthate ester was subjected to thermal decomposition on an ol) bath at 
180°. The decomposition yielded 8 g of olefin, which had the vera constants after several distillations over 
sodium on a column in a stream of nitrogen: b.p. 83-84°/ 29 mm; d™4 0.8261; nD 1.4585; MR found 55.66, 
calculated 57.15. 


Found C 86,0; 85.99; H 14.18; 13.97 Calculated %: C 85.63; H 14.37 


The clefin obtained was oxidized with a 1% aqueous solution of KMnO, The oridatlon procceded dif 
ferently from the oxidation of the olefins obtained previously. It was complete at 20° after 9hours, The rapid 
oxidation of the product obtained indicated that an alkene was present In it, which contained a double bond in 
the B-position [9} 


Formic acid (detected by the calomel method) was isolated from the acid products of oxfdation. The 
neutral oxidation products yicided acetone (identified as its semicarbazone with m.p. 185-186", not depressed 
by admixture with anauthentic sample). In 2dditlen, the neutral products yielded a fraction with b.p. 150-200° 
(mainly 150-160°). It was surmised that this contained hexamethylacetone. To prove this, Raman spectra were 
plotted for pure authentic hexamethylacetone and then for the fraction bolling at 150-200, obtained in the oxi- 
daticu., It was established that hexamethylacetone predominated in it. 


Frequencies Ap (in cm”): 360 (2 double), 410 (2 broad), 536 (3), 636 (10), 837 (7), 928 (S double), 
1449 (7), 1445 (4); 1692 (4) and others, 


In addition, it was shown that the pe mixture contzined a significaat amount of unoxidized alkene with 
a double bond frequency Ay of 1625 cm™ and a small amount of an alkene with a double bond frequency Ay of 
1673 cm™*, Thus, both the oxidation and the Raman spectrum showed that the mixture of alkenes, obtained by 
dehydration by the xanthate method, contained the alkene 2,4,4-trimethyl-3-tcrt-butylpentene-2, the B-form 
of Butlerov’s trisobutylene, ° 


Raman specua of the alkenes and alkanes obtained (Av. cm ay 


1, The mixture of alkenes, obtained by dchydration of the alcohol using Zigler’s natin 187 (2 broad), 
244 (0 troad), 413 (3 broad), 490 ( 0 broad), 546 (5), 632 (8), 678 (6), 704 (0), 751 (0), 820 (5), 860( 6 broad), 
895 (1), 910 (2),.927 (6), 953 (1), 980 (0), 1024 (0), 1047 (0), 1083 (4), 1104 (4 broad), 1202 (1), 1220 (5 broad), 
1246 (2), 1285 (1), 1306 (0), 1341 (1), 1362 (0), 1420 (2 broad), 1445 (3 broad), 1470 (4 broad), 1625 (5), 2866 (5), 
2904 (8), 2927 (5 broad), 2968 (10 broad), 2987 (10 broad), 3080 (5). 


2 The mixture of alkenes obtained by dehydration of the alcohol under the action of HC] at —30°: 148(4), 
184 (3), 240 (0), 309 (0), 368 (0), 416 (1 broad), 497 (2 broad), 544 (6), 612 (0), 632 (10), 676 (9), 703 (1), 754(2), 
818 (8), 855 (9), 894 (1), 907 (3), 925 (9), 954 (1), 1021 (2), 1045 (0), 1083 (5), 1098 (5 broad), 1155 (2 broad), 
1201 (5) 1218 (8), 1246 (2), 1306 (2), 1337(2), 1360 (2), 1393 (1), 1418 (3), 1443 (B), 1468 (8 broad), 1625 (8), ' 
2868 (5), 2903 (8), 2926 (4 broad), 2966 (10 broad), 2986 (7 broad) 3080 (4). | 


3. The mixture of alkenes obtained by dehydration of the alcohol over Al,O0,: 149(2), 209 (0), 333 (0), 
489 (0), 530 (0), 6U5 (1), 635 (6), 678 (1), 738 (2), 789 (1), 823 (1), 838 (1), 859 (2), 877 (0), 90S (2), 924 (3), 
955 (0), 1019 (0), 1041 (0), 1106 (0), 1136 (0), 1202 (2), 1218 (2), 12540), 1319 (0 broad), 1364 (0), 1383 (0), . 
1413 (2), 1444 (4), 1467 (4 broad), 1625 (5), 2869 (5), 2913( 8 broad), 2961 (7), 2994 (6),:3082 (1). 


4, The mixture of alkenes obtained by dehydration of the alcchol by Chugaev's xanthate inethod: 148 (3), - 
210 (2 broad), 339 (2 broad), 390 (3), 432(0), . 457(0), 486 (0), 510 (0), 528 (1), 570 (3), 610 (2), 635 
677 (2, 719 (0), 739 (6), 764(2), 796(3), 821 (5), 838 (5), 859 (8), 872(1), 904 (8), 927 ¢ 8 broad), 951 (1), 
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986(1), 1015 (1), 1042 (2 broad), 1082 (0), 1108 (1), 1140 (1), 120% (7 broad), 1223 (7), 1262(0), 1304 (, 
1323 (3 broad), 1361 (2), 1382 (1), 1415 (7), 1442 (10 broad), 1465 (10 broad), 1627 (20), 1671 (1), 2865 (8), 
2880 (1), 2904 (9), 2930 (2), 2962(9 broad), 2988 (8 broad), 3082 (5), 


5. Spectrum of alkanes: 148 (1), 164 (0), 427 (1 broad), 289 (0), 324 (0), 353 (0), 422 (0), 437 (4), 467(1), 
495 (1), 515 (0), 571 (5), 621 (0), 673 (4), 678 (6), 697 (0), 728 (0), 750 (1), 806 (7), 848 (8), 897 (7), 929 (9), 
949 (2), 9773), 999 (1), 1022 (2), 1043 (0), 1063 (1 broad), 1097 (2), 1128 (0), 1173 (3 broad), 1215 (2), 1225 (0), 
1252 (0), 1286 (4), 1308 (0), 1308 (0), 1342 (2), 1359 (0), 1381 (2), 1399 (2), 1424 (0), 1443 (10), 1469 (9 broad), 
2867 (7), 2908 (9), 2951 (5), 2973 (8), 3061 (0), 3086 (0), 


The presence in the mixture of alkenes, obtained by the different methods, of alkencs containing In the 
molecule two adjacent quaternary carbon atoms (the hydrocarbon 3,3, 4,4-tetrabutyl-3-Isopropylpentene-1) was 
confirmed by the frequencies 632 (8), 632 (10), 635 (6), and 635 (10) ‘cm! and a double bond by the frequen- 
cles 1625 (5), 1625 (8), 1625 (5) and 1627 (10) cm rt the spectra of the alkenes, obtained by dehydrating the 
alcohol by the xanthate method, had the characteristic frequency 1671 (1) cm7}, indicating a tetrasubstimted 
ethylene derivative, 2,4,4-trimethyl-3-tert-butylpentene-2, which was also confirmed by oxidation (Isolation 
of acetone and hexamethylacetone), 


The spectrum of the mixture of alkanes obtained had the frequencies 673 (4) and 678 (6) em”, incieatlve 
of the two adjacent quaternary carbon atoms of 2, 2,3,3,4,5-hexamethylhexane, the frequency 929 (9) cm a. 
characterizing the presence of quaternary carbon atoms at the end of the molecule’s chain and the frequency 
1173 (3 broad), indicating the presence of the {sopropyl group of the molecule of 2,2,4, »4-tetramethy]~ -3-isopro- 
pylpentane. Besides the frequencies given, there were also the frequencies 697 (0) and 728 (0) cm 
the possible presence of 2,2,3,4,5,5-hexamethylhexane, 


indicating 
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DIFLUOROXYMOLYBDIC ACID 


(SYNTHESIS AND PROPERTIES) 


n.’s, Nikolaev and A. A. Opalovskil 


N. S, Kurnakov Institute of General and Inorganic Chemlistry 
Academy of Sciences, USSR 


(Presented by Acadcinician L V. Tananaev, October 4, 1958) 


Molybdenum (VI) is known to form 2 hexafluoride, MoFg and also oxyfluorides, molybdenum oxytetrae 
Nuoride, MoOF, and molybdenum oxydifluoride, MoO,F,, Molybdenum oxyfluorides are obtained by the ace 
tion of anhydrous hydrogen fluoride on the approprizte oxychlorides [1] The solution of molybdates In hydro- 
Nuoric acid or the addition of alkalf metal fluorides to solutions of molybdenum trioxide in hydrofluoric acid 
many oxyfluoromolyddates, which may be considered as Nuoro substituted derivatives of the corresponding 
molybdates [2]. The bulk of these lose fluorine when fired 


By studying the system HF- MoF,~H,0, using the {sozhermal 
solubility [3], the authors showed that the interaction of molybdenum 
trioxide with hydrofluoric acid led to the formation of an acido-conie. 
plex compound — difluoroxymolybdic acid, H;,MoO,;F,°H,0, which 
occurs in the system both as a solid phase and as the compound fa 
solution, The potassium salt of this acid, K;MoO,F,° H,0, was Lso- 
lated by Smitz- Dumont and Opgengof [4] In their study of the be--_ 
havior of molybdenum uioxide in potassium fluoride solution, 


In the present communication, a method of synthesizing difiue 
Fig. 1, Solubility of molybdic oroxymolybdic acid by the reaction of molybdic acid with hydroflu- 
acid in hydrofluoric acid relative oric acid is presented and some of its properties are described 
to temperature, 
EXPERIMENTAL. 


The temperature conditions of the synthesis were established relative to the solubility of molybdic acid in 
hydrofluoric acid, An increase in temperature produces an increase in the solubility of molybdic acid in hydro- 
fluoric acid (see Table 1 and Fig. 1). 


: was planned, namely, the solution of molybdic acid in boiling 
hydrofluoric acid and crystallization of the difluoroxymolybdle | 
acid by cooling. 


M00, Synthesis of difluoroxymolybdic acid. 100 gofdoubly 


wt. 


liter distilled hydrofluoric acid was heated to boiling in a platinum 
35.44 | 2.48 | 0.9008 dish and 50 g of molybdic acid (analytical grade) added to form 
39.04 2,74 0.9970 a saturated solution. The hot solution was filtered through plate 
42.03 | 2,92 | 4.0716 {num sponge in a platinum funnel to remove excess molybdic 
44,72 | 3,44 | 49,1347 acid and cooled to room temperature, A colorless, crystallias 
46,44 | 3,20 | 4,1630 precipitate separated on cooling, The precipitate was separated 


0 3,66 
25 3,35 e : 4 
75 | 2,87 
; ; 90 | 2,75 : 


from the mother solution and washed twice with ethyl 
alcohol by decantation and then three times in a funnel 
Be, 3 with vigorous sucking off. Thesubstance was dried at 
reduced pressure at a temperature of 50-60°, 
a Pak ae The substance was analyzed for MoO, and HF con- 
tenis by the method described previously (3) The re- 
sults of the analysis are presented in Table 2, For come 
parison, the Table also gives results obtained In analysis 
of the solid phase, H,MoO,F3° H,0, separated in the sys- 
tem HF MoF,— H,0 (3). 


Properties of difluoscxymolybdic acid. Difluoroxy- 
Molybdic acid is a colorless, crystalline substance, which 
gtadually decomposes in air with a color change from 
colorless to yellowish to greenlsh yellow. During stor- 
2ge in sealed ampules, similar color changes occur, but 
mote slowly. When stored in Teflon vessels in vacuum, 
difluoroxymoiybdic acid does not undergo changes. The 
form of the crystals is identical with that of those ob- 
tained previously in the se HF ~MoF,g— H,0 (see 
Fig. 2) B} . 


The solubility of difluoroxymolybdic acid in water at various temperatures was established, — 


Fig. 2. Micsophotograph of difuoroxymolybdic 
acid crystals, 


Difluoroxymolybdic acid has a considerable solubility in water, which increases with an increase intempere 
ature (see Table 3), From the data on the solubility of difluoroxymolybdic acid in water relative to tempere 
ature, it is possible to calculate the heat of solution according to Schroder’s equation: In C= AH vgs RTT’. 

_ Its also possible to use the graph of C= (1/T) (see Fig. 3) for the calculations, - 


TABLE 2 
Chemical Analysis of Difluoroxymolybdic Acid, 


Preparation method MoO3, % HF, % 


Prepared by synthesis 71.68 20.02 


Prepared as a solid phase 
in the system HF = 
MoFg- H,0 9.62 


Calculated for the come 
position H,MoO;F,°H,O} 71.28 19.81 8.91 2.00 


The heat of solution of difluorcxymolybdic acid was found to be — 0.4805 kcal/mole. In this case, the 
value refers to the heat of sotutfon in a saturated solution (final heat of solution). However, since the Schroder 
equation is applicable under strictly defined conditions (extremely low solubility and in the absence of a chemi- 

‘€al action of the solvent, which is not so in the case considered), the value obtained for the final heat of solution 
may be considered only as a qualitative characteristic of the thermal effect. This point of view is In accordance 
with the general premises of N. K, Voskresenksaya’s work [5}. < 


Thermal analysis of difluoroxymolybdic acid. Difluoroxymolybdiec acid was subjected to thermographic 
examination, The heating curve (Fig. 4) showed three endo effects attemperatures of 290, 380 and 555°. To 
interpret the effects, the substance was kept at the appropriate temperature for an hour and then a sample analyzed 
chemically. Data from the chemical analysis are given in Table 4 © : 


Difluccoxymolybdie acid * not decompese when heated to 290°, At 290° one molecule ide water and 0. 5 


| 
4 
fi" 
| 
H,0,% | F: Mo , 
‘ 201 
1.99 : 
: 
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Fig. 3. Solubility of difluoroxymolybe 
dic acid in water {n relation to temp- Fig. 4. Decomposition thermogram, 
erature, 


molecule of hydrogen Muoride were eliminated: thus, destruction of the complex acid occurred. At 380° there 
was further elimination of Muorine with the fozmation of a polyoxyMuoromolybdic acid with the composition 
H13Mo,0,;F. The potassium salt of a similat acid was preparedby Smitz-Dumont and Opgengof [4] as the un- 
stable dehydration product of the compound H;}.10,0;3F 3H,0. 


TABLE 3 
Solubility of Difluoroxymolybdic Acid in Water — 


Temp.,°C | 1000/T welght % | mole/liter(C) 


3.66 44.46 3,09 1.128 
3.35 48.38 3.36 | 1.212 
3.09 51.32 3.57 1.283 
2.81 53.92 3.75 | 1.323 
2,15 56.16 | 3.90 1.361 


A further increase in the temperature to 555°, led to the formation of pure molybdenum trioxide. Atthis 
temperature, sublimation of the thermal decomposition product eee trioxide) occured, 


TABLE 4 


Composition of Products Obtained in the Thermal Docemnpesttion of Di- 
H,Mo0,F3° H,O 


Composition 


Mo, % of 
compound 


56.06 H,Mo,0,F5 


64.46 24 | 
66.98 


: 
i 
4 
| 
$0 
15 
90 
temperature, 


The thermal decomposition was accompanied by the formation as Intermediate products of compounds, 
which may be considered as fluoro substituted Jsopolyacids, The results of thermographic analysis leads to the 
conclusion that the watcr, forming part of difluoroxymolybdic acid, ts not hygroscople, but part of the compo 


sition of the complex molecule, 
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SYNTHESIS OF ORGANOMERCURY NITRO COMPOUNDS - 


S. S. Novikov, T. I. Godovikova and V. A. Tartakovskil 
N. Zelinksif Insultute of Organic Chemlstry, Academy of Sciences, USSR 
(Presented by Academician A, V. Topchiev, July 14, 1958) 


As is known, many mercury salts of organic and inorganic acids find wide application Jn mercuration, ad- 
dition to multiple bonds, etc. One may also surmise that mercury salts of the aci-form of niuoalkanes would 
also tend to undergo some of these reactions. Studics In this field were begun with an investigation of the mere 
cury salt of trinitromethane as a subsiance in which tautomeric changes are especially clearly expressed 1} 


We established that the mescury satt of trinitromethane readily mercurated compounds both of the alf- 
phatic scrles, containing a lable hydrogen stom, and of the aromatic and heterocyclic series to form substances 
of the general formula R~ HgC (NO,)s by the scheme: 

RH +Hg [C (NO,)s-+HC (NO3)s. 


We studicd this reaction in detail on the examples of malonic, acetoacetic and nitroacetic esters, acetylacetone, © 
acetone, cyclopentanone, benzene, toluene, anisole, aniline, dimethylaniline, furan and thiophene, 


The reaction conditions and constants, yields and analysis data of the final products are given in Table 1. 


The structure of the organomercury nitro compounds synthesized was proved by substitution of _ tinito- 
methyl residue by halide, when they were reacted with potassium halides 


When treated with bromine, the trinitromethylmercurlaryls formed the corresponding mercurlbromides and bromo= 
uinitromethane. Concentrated hydrochloric acid converted them into mercurichloridess 


Br, 
Ar—HgBr-+BrC (NO3)p 


The ultraviolet spectra of the compounds we synthesized, plotted In polar and nonpolar solvents, differed 
sharply and agreed with spectra obtained by Hantzsch [2] for the mercury salts of winitromethane in the cor- 
responding solvents. This indicates that the mercuration products, like the mercury salt of triniuomethane ite 
self, may exist in two interconvertible tautomeric forms, depending on the nature of the solvent: \ 


R-He—C(NO (NO,)s 


and in the crystalline state they aze the actual organometallic compounds R-Hg~C(NO,)y, 


The reaction of the mercury salt of uinitromethane with niuobenzene, m-dinitrobenzene, o-nitrotoluene, 
. 4nd oenitroanisole is extremely peculiar. Judging by the elementary analysis data and the chemical propesties, - - 
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TABLE 1 


React. temp, 


= 
2s 


HC(COCH.), 


$3 


CH,COCH, 


we 


C,H,0 


CH, 


froluene 


CH,OC,H, [alcohol 


CH.NH [alcohol 
(CH, [alcohol 
C.H,0 ethes 


C,H,3 2 


* General formula RHgC(NO,)3. 


the substances cbtained during the reacifon are complex products of the addition of a molecule of the ney 
salt of triniomethane to the molecule of the particular aloaromatic compound. 


TABLE 2. 


[C (NO) 
Hy Hg (C(NO 
OCH (NOC, Hy Hg 


Note: Solvent butyl alcohol, reaction temperature 117°, . 


imatle 
c.% % 
ve 
18,71 79 | 
[HC(COOGH,), | ether [29] 12 Hecomp.] 35 18,85 2,18 8,34 
18,04 8,01 indice 
47,73 8,38 
water | 20] 42 | 459 | 80 £7,52 | 8,7 
| water [20] 0,25 | 435 | 98 23 | 
Ano, 12,23 11,19 
15,93 8,92 
| water | 20 12 is3 | 85 43,02 1,37 9,4 
12.0 ‘ 10,16 At 
j wares 20] 153 | 98 11,73 10,33 
12,03 10,19 
16,57 9,55 | 9,69 
6 | water 20]. 60 440 | 93 1,63 
1%,70 9,62 
41,90 9,73 9,23 
? 80 S | 146 | 58,5 19,20 4,18 
19,95 9,71 
21,45 i, 9,59 9,34 
3 80 3 | 51,5 21,75 1,59- 
. 21,77 4 9,49 
20,63 8,72 | 9,18 
9 731 9.5 20,99 1,69 
14,95 
10 20 |instan, | 117 | 59 18,93 1.33 
20 lirctant, | 410 | 70 
14,23 0,78 10,08 
14,79 1,00 |. 10,03 
13 0s | 13 | 23 
% H,% : 
3 3 [found | eale, | foued Jeale, [found | cate. 
43,59 0.81 43.54 
3.5 318 7] SS 45,62 15.00 0:94 0,2 45,48 15,73 
44,41 0.93 a 
46,82 
gir 35] 7 | 35.5 15-03 15.08 | 
{ 18,43 1,03 44,04 


The action of alkall led to the decomposition of the cornplex with the formation of the orlginal nitroaroe — 
matic compound, mercuric oxide and _ corresponding salt of uiniuomethane, for example: ts 


The mercury salt of tiniuomethane did not react with m-dinitrotoluene, mi-dinitroantsole and m-trinitras. 
benzene, I.e. with compounds containing substituents In the positions meta to the nitro group. This obscrvation 
indicates the following structure for the complexs 


- We also studied the action of the mercury salt of trinitromethane on compounds containing a double bond. 
As is known [3] in a solvent of the general formula ROH, a series of mercury salts add to olcfins with the fore 
mation of 3-mercurated alcohols or ethers by the scheme: . 


+HX 


ok Hex 


By studying the reaction of Hg[C(NO,)s} with ethylene in water or alcohol solutions, we established that 
the reaction products were not the expected alcohol or ether, but triniuomethy]-3,3,3-trinitropropylmercury: 


H,C=CHz-+Hg [C (NO}). 


The same compound was also formed in the reaction of the mercury salt. of uiniromethane with ethylene 
in nitrobenzene and nitromethane. This may be considered as proof that the formation of triniuomethy1-3,3,3- 
trinitropropylmercury proceeds by the direct addition of the elements of the mercury salt of initromethane to .. 
ethylene [Scheme(J) } We should emphasize that this type of addition of mercury salts to a double bond is a new 
reaction in the chemistry of o:ganomercury compounds. However, in studying the reaction of the mercury salt 
of winitrofnethane with phenylcyclopropane and vinyl ethyl ether in aqueous or alcoholic media, we showed that 
this salt was able to react in the form of its hydr(alk) oxide, i. ¢. by Scheme (1) with the formation, in the case 
_ of phenylcyclopropane, of the y-mercurated ether, which reacted with potassium bromide to ™ 3-methoxy- 
3- ites bromide, that is described in the literature [4} : 


bon, 


and vinyl ethy! ether gave winitromethy]lmercuracetaldehyde (by the poe reaction scheme for vinyl ethen 
with mercury salts [5)}: 


It is interesting to note that not only the mercury salt of trinizomethane {tself, but also a compound of the ~ 
'ype R~ HyC(NO,)3 is capable of adding to a double bond. Thus, for example, chloromercuritrinitromethane | 
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(formed by the reaction of trinitromethane with an squcous solution of mexcuric chloride) reacts with ethylene 
to give chloride: 


gC, 


and gives bis-trinitropropylmercury: 
(NOs),CCH,CH:HgC 


: The addition of the mercury salt of uinitromethane to a double bond was studied on the examples of pro- 
pylene, styrene, cyclohexane, allyl alcohol and methyl! acrylate. In all cases, the reaction procceded by Scheme 
(iI). The mercury salt of trinitromethane reacted with allyl alcohol immediately, even in aqueous solution, by © 
the equation: 


2CH3=:CHCH,OH-} Hg 
OH . 


Table 3 gives the constants and yields of some of the substances obtained. 


‘TABLE 3 


H,% 


— calc, 


(NO), CCH (NOs), 


(NO,),CCH,CH,HgCl® 
((NO,),CCH,CH) 
(NOD), CCHCH,HgC(NOn)s 


Sey 


2 Bs 


3 


HgC(NO,.), 
CCHCH, }Hg 


(NO,),CCH,CH — HgCiNO,) 82 


(NO,),CHgCH,CHO 65 


Found %: Cl 8.65; 8.73, Calculated %: C1 8,58, 


While the symmenrical organomercury polynitro compounds are quite stable to the action of acids, halo- 
gens and halide salts, the unsymmetrical ones react with them by the schemes 


@ 


© Bis-trinitropropylmercury may be obtained directly from the mercury salt of trinitromethane and ethylene by 
performing the reaction in an alcohol medium, without {solating the trinitromethyltrinitropropylmezcury, 


‘a 
> 
i founa| cale, 
8.07 0.79 15,06 | 
12,73 4.46 46,82 
11,0 
18,62 2, 16.55 
19.53 
15,57 2,07 13,79 
12,28 0.98 of . 
9.2 | 0,78 40,71 
| | | 9:28 | 10,75 | 19.28 | 10,07 
| 92 3 


The mercury salt of tinitromethane docs not add to olcfins of tso-struciure ({so-butylene and 3-ethylpentene-3} 
even though they only have one quaternary carbon atom at the double bond, 
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FLUOROSILICOORGANIC COMPOUNDS 


A STUDY OF THE ADDITION OF ALKYLCHLCROSILICON HY DRIDES TO 
1,1, 2, 2- TETRAFLUOROETHYL ALLYL ETHRR 


Corresponding Member of the Academy of Sciences USSR 
A. D. Petrov, V. A. Ponomazsenko, G. V. Gaepaenere aad 
S. Il. Krokhmaleyv 


N. D. Zelinskil Institute of Crganic Chemistry, of Sciences, USSR 


In previous work 1) we showed that the addition of alkyichlorositicon hydrides to 1,1, 2-trifluoro-2- 
chlorocthy! allyl ether (CH= CHCH,OCFZCF(C1)H) (A) in the presence of platinized charcoal was a conventent 
method synthesizing simple fluorosilicoorganic ethers. On the basis of data oa the combined addition to 
CH, = CHCHOCF,CKCI)H of appropriate pairs of alkylchlorosilicen hydrides, the latter were arranged (according 
to the relative yields of the addition products) in the following serless 


(CHa) > (CH3) (CH,) (Cl) SiH > (C14) > SiH 


in contrast to the addition of the same alkylsilicon hydrides in the absence of a “competing” silicon hydride, 


Relative ace 
tivity 


Fig. 1. The addition of alkylchlorosilicon hydrides (CH,XC#H,),SIH, 
(C,H.XC1,)SiH and Cl,SiH to (A) and (B): 

a) yield of addition products, b) relative activity of alkylchlorosilicon 
hydrides, determined by the *competition® ee. Q is the number of . 
Si~ Cl bonds in 


In this work we investigated this reaction in more deta{l on the <xample of the same alkylchlorosilicon 
hydrides and 1,1,2,2-tetrafluorocthyl ally] ether, CH,=CH* CH,OCF,CF;H(B). All the experiments were per= 
formed under similar conditions (see Tables 1 and 2), The resulisthus obtained completely confirmed the con 
clusions presented above (see Fig. 1). 


* In this case, CH,SINC), and (CH;(C,3%z)(C1)SiH add most readily and (Ci3;)(C,H,),SiH with the greatest difficulty, 
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In the addition of to (B), neither dryIng the catalyst In vacuum (2 at 300°, nor treat- 
ing it with C;H,OW, nor performing the reaction in the presence of (CH,),SiC1, to remove possible moisture led 
to an Increase In the yicld of addition product. However, the addition of even small amounts of C,HsSiHCl, 
sharply Increased the yield of addition products.© This fact and all those noted above indicate the following: 

1) the addition of silicon hydrides on platinized charcoal Is possibly a radical chaln reaction; 2) an essentlal 
tole is apparently played In this process by the absorption forces of the reacting molecules on the catalyst sur- 
face; 3) the case of foumation and activity of the sily] radicals depends on the character of the substituents at 
the Si; activity differences In the silyl radicals (together with other factors) may explain the pecullaritles of the 
addition — noted above. 


£2Si—H-+ Rp --=Si— Rp 


Tctal 
| Starting hydrides hydride, & Reaction products 
g(mole) }(mole) 


1jCLsi~— 40.6 (0,3) 47.5(0.2) Cisi~ Rp 

2 (Cl), 34.5 (0.3) 47.8 49.3) (CH, 

(CH:SiH 38.7 (0.3) 47,5 (0.3) 

4 (C,H) (CD, Sith 3 (0.25) 40 40.25) 

5 (C1) 32.6 (0.35 47.540.3) (CH,) (C,44,) (Cl) SiRp 
6 [(CH.) 29,7 (0.3) | $7.5 (0.3) 2 (cH) (Cal 


Re =CH, = CHCH,OCF,CF.H, 

¢¢ Ail reactions were performed In the presence of 0.3 g of 1% Pr/C 9.3 parts, re- 
action time, 3 hours. 

eee° The low yield of addition product was apparenzty connected with the sale 
ity of the CH;SiC1,H. 

A reaction with 0.2 ml of 0.1 M H,PtCl,- 6H,0 in fsopropy! alcohol at 
temperature gave 22 g of addition product (28.1%) after 30 minutes, 


TABLE 2 


Starting hydrides® Additton products 


C,H, 
C1,SiCH,CH,CH,OCF,CF,H 
(C,H, 
(CH,) (C,H, (CH, (CaH,) (CDSiCH,CH,CH,OCF,CF,H 
3 [C.H,SiCI,H (C,H,) 
H,) (C,H,),SiH (CH,) (C,H,)SiCH,CH,CH,OCF,CF,H 
4 
(CH,) (C.H,),SiH (CH,) 


© For the reaction we used 0.3 mole of each hydride and 0.3 mole of CH= CHe 
* CH,OCF,CF,H, The amount of catalyst (1% Pt/C) was 0.3 g.- The reaction time 
was 3 hours, 


The addition of to 0) in the presence of H,PrCig’ began. at room — and 
ceeded at a high rate, 


TABLE 1 
Yield 
2 135.0 
163.90 
20 «140.0. 
37} 46.0 
traces] — 
‘ 2A 2 ‘ 
30] 2 . 
: 17.3 4 
RA 19 
‘20 | 2 


The structure of the addition products was proved by synthesis by the schemes 


(1) 


Na 


Comparison of the Raman spectra of the two compounds and also thelr other physical properties Indicated that 
they were Identical. 


In conclusion, we should note that the Nuoroethers of the y-hydoenyeeopyiniaistadiaiias obtalned dtd not 
give the corresponding esters when treated with 96% H,SO,4 at 0-10° according to the scheme: 


11,80, 


As known [2], a similar reaction procceds very saa under these conditions with ethers of the type 
ROCF,° CF,IKR= C3Hg, ete.). 


1, 1,1,2,2-Tetrafuorocthy! ether of Cl;SiCH,CH,CH,OCF,CF,H (1). 
40.6 g (0.3 mole) of wichlorosijane and 47.5 g (0.3 mole) of (B) were heated at 161° ia the presence of 0,3 g 
of 1% platinum on charcoal for 3 hours in a stainless steel autoclave of 200 ml capacity. The maximum prese — 
sure was 11 atm. The weight of reaction products was 81.5 g., pen ation: of them on a column with glass pack= 
ing yielded 51 g (589) of pure (1) with b.p. 186°/ 751 mm, qd”? "4g 1.4535, n° ®p 1, 3994, MR found 49.58, calcue 
lated 49.58, 

Found %: C 20.54, 20.51; H 2.46; 2.57; Cl 36.18, 36.23, F 24.77; 24.53 Cgtl,SiCl FO. 

Calculated %: C 20.46; H 2.40; Cl 36.23; F 25.89 

2. 1,1,2,2-Tetrafuorcetyl ether of 
(1). The reacticn conditions are given in Table 1. The weight of reaction procucts a 75.5 g. Distiation as in 
Experiment 1 yielded 29 g (35%) of pure (IL) with b.p. 190. = 750 mm, d%, 1.3140, a”D 1.2960; MR found 49.95, 
calculated 49.96. 


Found %e: C 26.69; 16.6%; H 3.73; 3.53; Cl 26.29; 26.03; F 26.15; 26.59 CgHySICLLFO. 
Calculated %: C 26.38; H 3,69; Cl 25.97; F 27.82 


3. 1,1,2,2-Tetrafluoroethyl ether of y-hydroxypropylethyldichlorosflanc, 
-CFH (IM), The reaction conditions are given in Table 1. The weight of reaction ee eee was 80 g, Dis- 
tillation as in experiment 1 yielded 54 g (637) of pure {II1) with b.p, 207.2/749 mm, a* 4 1.2837; n° D1,4033; 
MR found 54.63, calculated 54.46, - 


Found %: C 29.54; 29.43; H 4.24; 4.36; Cl 25.49; 25.78; F 25. 33; 24.71 CB ySICIF,O. 
Calculated %: C 29.28; H 4.21; Cl 24.70; F 26.48 


4. 1,1,2,2-Tetrafluorocthyl ether of y-hydroxypropylpropyldichlorosilane, OCF," 4 
* CF211 (IV). Sce Table 1 for the reaction conditions. The weight - reaction Products was 70 g, Distillation ia 
vacuum yielded 30 g (40%) of pure (IV) with b.p, 101°/11 mm, d™%1. 2464, n D1.4062; MR found 59,29, cale 
culated 59.21, 


Found %: Ci 23,51; 23.66; F 24.77; 25.05 Calculated %: Cl 23.54; F 25.23 


1,1,2,2-Tetrafuoroethy! ether of y-hydroxypropylmethylethylchlorosilane, 
+ CH,OCF,CF,H (V). 7 The reaction conditions are given in Table 1. The weight of reaction mpeg was sy gg 1 
Distillation as in Experiment 1 ylelded 37 g (45%) of pure (V) with b.p. 199.0°/749 mm, a” 41.1681, n 91,3958; 
MR found 54.82, calculated 54.83. 


Found %: Cl 14.30; 14.01; F 27.22; 27.14 CgH,sSiCIF,O, Calculated %: C1 13.29; F 28.49 


6. 1,1,2,2-Tetrafluorocthy! ether of OCF ge 
-CF,H (VI), To 30.7 g (0.3 mole) of methyldicthylsilane and 47.5 g (0.3 mole) of (B) was added 0.2 m) of 01M : 
11,P+Clg*6H,O inisopropy] alcohol, The reaction began vigorously at room temperature with strong evolution 


. 

: 
i 
a 

e 

q 

: 

a 
: 

: 
4 
97 4 


of heat and the precipitation of a black prectpitate, The flask was cooled with water. The reaction proceeded 
for 30 minutes, The welgle of reaction was g- Distillation as inExperiment 1 gave 22 g (289) of 
pure (V1)® with b.p. 196,5°/749 mm, r 41.9422, n 1 1.3930; MR found 59.62, calculated 59.47, 


7. 1,1,2,2-TetzaMuorocthy! ether of y-hydroxypropyltrimethylsilane, (CH3);SiCH,CH ,CH ,OCF H (VIN. 
To the Grignard reagent prepared from 13,2 g (0.54 g-at) of Mg in 150 sl of abs, ether and CHy8r, 44 g (0.15 
mole) of (1) was added dropwise with vigorous stirring, The rcaction mixture was heated for 4 hours under re 
flux with stirring, After weatment with water, the ether layee was separated and dricd over CaCl, together with 
oe ether extract. Distillation as In Experiment 1 yielded 20.4 g (58.97) of pure (VLU) with b.p. 156°/ 746 mm, 
*41.0453, 1.3732; MR found 50.66, calculated 50.69, 


8. 1,1,2,2-Tetrafuorocthyl ether of y-hydroxypropyldimethylethylsilane, (CH) 
°CF, (VID. 43.1 g (0.15 mole) of (1) was padded drop wise with vigorous stirring to the Grignard reagent pre= 
pared from 8.8 g (0.36 g-at) of Mg {n 120 ml of abs, ether and CH38r, The reaction mixture was heated for 4 
hours under reflux with stirring, After weatment with water, the ether layer was separated and dsled over Na,CO, 
wits the cther Distillation as in Experiment 1 yielded 25.0 g (67.5%) of pure (VII) with b.p, 176°/739 


mm, 1.0402, n° D.1.3830; MR found 55.24, calculated 55.20, 


9. 1,1,2,2-Tetrafluorocthyl ether of (CH,) 
*CF,CF;H (1X). 23 g (0.073 mole) of (1V) was added dropwise with vigorous stirring to the Grignard reagent pre 
pared from 4 g (0.16 g-at) of Mg in 100 ml of abs. cther and CH,8r. The reaction mixture was heated for 2 
houss under reflux with stirsing Aftet treatment with water, the cther leyer was separated and dried over Na,SO,g | 
together with the Aine, ae Disti:lation as in Experlinent 1 yielded 11 g (57.3%) of pure (IX) with b.p. 

193°/ 751 mm, 1.0267, 1.2836; MR found 59.92, calculated 59.95. 


16. 1,1,2,2-Tetrafuorocthyl ether of (VIN. 
0.4 g (0.017 g-at) of Na was dissolved in 21 g (0.16 mole) of y-hycroxypropyltrimethylsilane, The reaction 
mixture wes placed in a stainless steel autoclave with a capacity of 200 ml. CF,=CF, was passed into the auto- 
clave from a taak at 10 atm. pressure as {t was absorbed at room temperature. The autoclave was shaken perlodl- 
cally. The saturated reaction product was removed from the autoclave, washed with water, dsied over Na,SO, 
and distilled on a column with « glass packing. We obtained 18 g (48.7%) - pure (VIZ) with b.p. —e 7146 mm, 
1.0428, 1.3732; MR found 50.78, calculated 50.68, 


11. 1,1,2,2-Tetrafluoroethyl ether of B -hydroxyethyltrimethylsilane, (X). 6.53 g 
(0.023 g-at) of Na was dissolved in 25 g (0.21 mole) of 8 -hydroxycthyluimethylsilane. The reaction was pere 
formed under the condition of Experiment No, 10. After distillation of the reaction products on a column with a 
glass packing. we obtained 10 g (21.67) of pure (X) with b.p. 137°/ 746 mm, a? 41.0427, n° D 1.3732; MR found 
50.78, calculated 50.69, ; 
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© The conditions presented in Table 1, with the use of 1% Pt/C, ylelded mainly an azeotropic mixture of the 
starting materials (b.p. 69°) and only traces of the additional product.’ When 1 g of C,H,SiC1,H and 0.3 g of ; 
1% Pt on charcoal was added to 25 g of this azeotropic mixture under the same conditions, _— ylelded 
7.3 g (387) of pure (VJ with b.p. 195,8°/739 mm 1.0412; 1, 
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CHANGES IN THE CHEMICAL COMPOSITION AND ACTIVITY 
OF COPPER CATALYSTS DURING THE OXIDATION OF 
PROPYLENE TO ACROLEIN 


N. I. Popova and E. E. Vermel® 
East Siberian Branch of the Academy of Sciences USSR 
(Presented by Aczdemician B. A, Kazanskii, October 3, 1958) 


In the study of oxidationreactions, a change in the chemical composition of the catalyst during the re- 
action is often observed. G. K, Boreskov [1] developed the {dea that the change in the chemical and physical 
properties and, consequently, in the 2ctlvity of the catalysts under the effect of the reaction system was of a 
general character. He considered that as a result of this precess, & certain stationazy composition of the catalyst 
was established and this was determined by the ratio of the rates of combining or consumption of a particular 
component of the catalyst as a result of interaction with the reacting substances, However, chemical conversfons 
of catalysts under the action of the reacting substances are mainly observed only in the study of catalytic oxida- . 
tion processes on oxide catalysts (V,0, CuO, Cu;0). The relaticn between the chemical conversions of copper 
catalysts during the reaction and their activity has been studied very little, 


V. A. Komarov and N, S. Burevovaya [2] investigated the change in chemical composition of a catalyst 
‘consisting of cuprous and cable oxide, during the oxidation of isopropyl alcohol. The authors showed that during 
the 1caction the catalyst was reduced to copper (with traces of cuprous oxide), whereupon Its activity fell slightly. 


O. V. Isaev, M. Ya. Kushnerov and L, Ya, Margolis [3] studied phase changes of copper catalysts during the 


oxidation of propylene with air, using x-ray and electronographic ana'ysis. It was established that, regardless 
of the original composition (pure CuO, Cu,0 or Cu), the phase composition of the catalyst changed to the system 
Cu,0 + Cu or CuO +Cu,0+ Cu. The authors proposed that the activity of the catalyst depended on the degree 


of its reduction to cuprous oxide and copper. However, no experimental data confirming this premise was pre= 
sented in the work, : 


The authors of the present work and R. N. Suukova [4] showed that the stability and activity of a coppez 


oxide catalyst during the oxidation of eee depended —— on the composition of the mixture of gases 
oxidized, 


It was interesting to determine to what extent this phenomenon was connected with chemical conversions 


. of the catalyst under the effect of the reacting gases. 


We should note that x-ray and electronographic methods make it possible to investigate a change in the 
, chtmical composition of copper catalysts only qualitatively and then only for catalysts with a high cupric oxide 


<=. ‘content on the carriers. Meanwhile, N. L Popova, V. L Belyaev and R. N. Stukova [5] showed that such catalysts 


had a low activity in the oxidation of propylene into acrolein. Under these conditions, the most active catalyst 
were those containing 1-1.5% cupric oxide on silicon carbide. Due to this, it seemed interesting to stidy the 
chemical conversions of catalysts with different cupric oxide contents on the carries using chemical methods, 


making {t possible to follow not only qualitative, but also quantitative changes in the chemical composition of . 
the catalysts, 


For this purpose we used procedures described in the Mterature [3,5,6) to prepare catalysts containing CuQ 


ow 
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Cu,0 and Cu, ae gaming on silicon carbide In concentrations corresponding to cupric oxide amounts of 1.5, 3.0 
and $.0 weight %, The propylene was oxidized In a glass U-shaped reactor by the procedure described in our 
previous communications [4, 5} The temperature In the reactlon zone was kept at 368-370° and since the 
catalyst bed was small (30 mm), the fall In temperature along the catalyst bed did not exceed 2-3°, The con- 
tact time was 2 sec, In all experiments. The reactfon was continued for an hour and then the catalyst tube was 


TABLE 1 


Change In the Chemical of catalysts during the of Propy- 
lene 


Composition of catalyst (caleu- Amount of pro 
lated on copper inweight converted 
liter of catalyst(mo! es) 


t 
before expt. J after expt, 
carbide(calcu- 
latedon CuO in 
weight cu0 cu 


Expt, no, 
Volume ratio 

mp 
acrolein 


into Care 
into .. 


bonyl 


lol 


af 


es 


Ros 


SSS 


1,543,5% A 
5, 


1,54+3,5% Ag 
1,5 {on Al,O.: 
Al:O; 

{on silicon carbide) 


So 


oso 

~m 


*Ih experlment No. 4 the tlme of catalytic action was 8 hours, 


cooled with a stream of nitrogen (containing 0.02% oxygen by volume) and the catalyst analyzed for CuO, Cu,0 
and Cu by N. A, Tananaev’s method [7} The acrolein was determined by the bromide-bromate method. The 
chemical composition of the catalyst was expressed in welght percents of monovalent, anton and metailie 

copper relative to the total amount of copper on the carrier. 


The results of the experiments are given in Table 1. As this shows, for catalysts where the concentration 
of copper corresponds to 1.5% CuO on the silicon carbide, regardless of the original phase composition, a similar 
chemical composition (about 70% Cu,0 and about 30% CuO) Is established after an hour as a result of the intere 
action of the system catalyst ~ propylene oxygen. 


It fs interesting that the ratio of the cuprous and cupric oxides depends comparatively lttle on the consi 
tion of the reacting gas mixture for this catalyst. As Table 1 shows, together with this, the amount of propylene 
converted to carbonyl compounds on the catalyst over an hour Is different in all experiments and depends strongly 
on the composition of the starting gas mixture. At the same time, thé amounts of acrolein, obtained on the cata- 
lyst over the same time and under the same conditions, were similar, Apparently, this may be explained by the 
fact that the formation of carbonyl compounds other than acrolein occurs mainly on cupric oxide and, possibly, 
partly In the space. In addition, besides the formation of carbonyl compounds, the propylene may be oxidized 
to CO, and H,O on the catalyst. Therefore In this case there {s no correlation between the change in the cheml-.- 
cal composition of the catalyst under the action of the reacting gases and its activity. On the other hand, the 
composition of the reacting gas mixture has a very strong effect on the stability of the catalyst (see Fig, 1). With 
& propylene to oxygen ratio of 7.5: 1 in the mixture, as the time of catalytic action Increases (see Table 1, Exp. 


1 
a 
leg 
7m; pa 
2,0 
9,3 
19 : 
12 
13 | 1,4 
14 1,3 


No, 4) ducing the first 8-10 hours, the cuprous oxide 
content of the catalyst Increascs (possibly due to 
conversion of cupric oxide Into cuprous oxide, not 
only on the surface of the catalyst granules, but + 
also inside tiem) and there {s a corresponding in- 
crease in the amount of propylene converted Into 
carbonyl] compounds and espectally Into acroleln, 
After this, the catalyst operates stably for a long 
248 time (see Flg, 1, 1), 
Time ofcatalytic acdon ——~ 


pounds 
gen) 
s 


8 


com 
(on oxy 
& 


Yicld of carbonyl 


In th t 
Fig. 1. Relation of activity of copper catalysts 


to time of catalytic action. See Table for con- 
citlons; Exp, No. 2 for Curve1, Exp. No. 7 for 
Curve 2 and Exp. No, 8 for Curve 3 


to oxygen of 30:1), the reduction of the catalyst 
goes more rapidly and the catalyst operates Jess 
stably, possibly due to further gradual conversion 
of the cuprous oxide Into copper (see Fig. 1, 2). 


The cumposition of the catalyst after experiments depends not only on the time of catalytic action, but, 
as Table 1 shows (see Expt. No, 7-9 and 11), also on the concentration of the copper oxides on the carrler and 
also ou the nature of the carries (sce Exps, No,10 and 12-14). The catalysts with a 3-5% cupric oxide content 
on sillcon carbide change theiz chemical composition to the 
s, tem CuO + Cx;0 + Cu in the interaction with the reaction 
medium, The appearance of metallic copzer In the catalyst 
sharply decreases the yield of carboayl compounds. The intro- 
duction of silver or cluminum oxide into the catalyst has a 
similar effect on the activity of the catalyst. Due to the rapid 
reduction of cuprous oxide to copper, the composition of the 
reacting gases tas a particularly marked effect on catalysts 
with high concentration of cupric oxide oa silicon carbide 
. i) a7 a 9 ot (see Fig. 1, 3). This phenomenon is also connected with de- 
activation of a copper catalyst during the oxidation of pro=_ 
pylene containing a trace of {sopropy!] alcohol, since, accord= 
ing to the data of V. A. Komarov and N. S. Burevovaya (2) 
in the oxidation of isopropyl alcohol on copper oxide cata- 
lysts, the latter are reduced to copper. 


g/ liter 


Firingtemperature 


Fig. 2. Effect of firing temperature of 

catalyst on {ts properties. 

1) Change in catalyst activity; 

change In chemical composition 

(see Table, Expt. No, 2 for conditions), The secead reason for deactivation of the catalysts is 
agglomeration of the copper oxide. It then loses its capacity 

for reduction to cuprous oxide. This pheaomenon was ob- 
served in an Sovenigiitinn of the activity of copper oxide catalysts on carriers, fired at different temperatures 
(sce Fig. 2). Therefore superheated places in the catalyst should be avoided. 


The third reason for deactivation of the catalysts studied is, 2pparently, the easiness of acrotein 
on its surface. The activity of the catalysts Is readily restored by passing mixtures rich in oxygen over them as 
in this case, metallic copper Is readily oxidized to CuO and the polymers are bumed. 


Thus, the activity and stability of a copper catalyst depends to a considerable degree oa the change in it - 
chemical composition, occurring during the interaction of the catalyst with the reaction medium, ‘. 
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INVESTIGATION OF WEIGHABLE AMOUNTS OF TECHNETIUM 


Academician V. I, Spitsyn and A, F, Kuzina 


Institute of Physical Chemistry, Academy of Sciences, USSR 


This work was devoted to the preparation of chemically pure technetium compounds — its heptasulfide and 
ammonium pestechnate. An examination was madeof the absorption spectra of the pertechnate ion, a gravi- 
metric analysis was pezformed on the heptasulfide and the absolute activity of the technetium preparation fsolae 
ted was measured. 


The starting material used for the extraction of technetium was molybdenum trioxide, irradiated for a long 
time with thermal neutrons, whose flux was 2.5° 10° cm? sec. The technetium was isolated from an ammonium 
molybdate solution by adsorption on sparingly soluble crystalline precipitates of magnesium ammonium phosphate 
and magnesium hydsophosphate [1] The subsequeat extraction of technetium was based on the fact that in the 
reduced state, technetium is not absorbed by phosphate precipitates. The magnesium ammonium phosphate was 
dissolved in 6 N HCI and hycrogen sulfide passed into the solution for a long time. This seduced the technetium 
to the tetravalent and partly to the divalent state. NH,OH was added to the solution. The precipitate of mage 
nesium phosphate formed did not take out technetium. Evaporation of the solution to dryness and heating re- 
moved volatile chlorides. The residue, containing technetium was dissolved in niuic acid and passed through a 
chromatography column with the cationite KU-2 at pH 2, The technetium was collected in the filtrate fn 2a 
anionic form, 


We should note that the heptasulfide is an important compound 
in the norma} purification scheine of technetium. It is the main stand- 
ard in analyses and determining the half-life of technetium. There- 
fore, in our work the concentration of technetium ended with the Iso- 
lation of the heptasulfide. 


The filtrate w2s evaporated after the chromatographic operation. 
The residue was a white, slightly pink, friable powder, consisting 
mainly of ammonium nitrate and a compound of reduced technetium. 
. Its weight was 56 mg. The ammonium niuate was removed by heat- 
we ing the preparation to 100° in a silica boat in a tubular electrical 
\ : microfumace, The residue was treated with the minimal amount 
40. «69 20 mg cm* (2-3 drops) of hydrogen peroxide and ammonia, dried at 40-50° and 
Thickness of aluminuur—— weighed. The weight at this stage was 14 mg. This residue was dise. 
; solved in 4 N HCl and the liquid filtered through a glass microfilter. 
The volume of filtrate obtained was 4 ml. Measurement of the ab- 
solute activity of this solution (see below) gave a value corresponding 
to 0.918 mg of technetium. A stream of hydrogen sulfide was passed through this solution. The black-brown pree 
cipitate formed was centsifuged using a hand microcenuwifuge, into which were placed special tubes measuring 
4x 15mm. The cenuifuged precipitate was transferred to a silica microextractor, where the techneuum sulfide 
was extracted with carbon disulfide in 1 m] portions and collected in a seceiver. The carbon disulfide was thea 
removed by evaporation in air and the preparation dried at 110°, 


The purified technetium sulfide collected was examined for the presence of radiochemical impurities by | 
absorption of the radiation in aluminum, As the absorption curve (Fig. 1) shows, radiochemical impurities were | 
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absent and the energy of the radiation of the preparation agreed with litersture data [2]. The weight of the pre- 
paration was 2.987 mg. The bulk of the preparatioa obtained was used for its gravimetsic analysis and only a 
small portion of the order of 0.05 mg was required for spectrophotometric se and approximatcly 6,36 m8 
for measurement of the absolute activity of the preparation. 


TABLE 1 The fide was analyzed 

gravimeuically by the method described in (3). 
Analysis of Technetlum Heptasul fide The procedure for work with small amounts of 
substances was used, 


found The purified preparation of technetium sul- 
fide was treated with the minimal amount of . 
mg hydrogen peroxide and ammonia and carefully 
dried at 40-59", after which it was dissolved In 
6 ml of 0.1 NHCL The total solution was divl- 
ded into three sampies, for which the welght of 
the technetium sulfide was 0.679, 0.639 ard 
T, 0.966 mg. The solution of each of these samples, 
otal 
Average : diluced to 5 ml, was heated on a microburner and 
Cale. for 3, § 1% BaC}, solution added to it (during precipitation, 
Te,Sy the reaction solution was heated on a water bath). 
The precipitate of BaSO, was filrcred with a pla- 
tinum Gooch microcrucible, washed with hot 
water with a drop of sulfuric acid and then again with water. The dried, fired BaSO, precipitate was weighed on 
a VM-20 microbalance. Then the sulfur content of each sample was calculated in the usual way and from the 
sulfur content, the technetium content. The analysis results are gtven in Table 1. 


Wt., 


Sample no. ing 


BaSO, ob- 
tained, mg 


The gravimetric analysis of technetium heptasulfide was checked by comparing it with the results of radio~, 
metric analysis. The weight of technetium was determined by direct measurement of the absolute activity of the 
preparation. This measurement was performed in paralle! with the gravimetric analysis. 


The absolute activity of the technetium preparation isolated was calculated by the usual formula 


pe. 


where a is the absclute activity of the preparation 4n microcuries, I, the observed activity in counts per minute; 
p, the number of B-particles emitted per disintegration act; k, the coefficient allowing for the absorption of 8- 
particles in the walls of the counter and the air layer; s,the coefficient allowing for the absorption of 8-particles 
in the preparation; q, the back-scattering coefficient; wy the geometry correction, which is calculated by the 
formula cose =h/ (h*+r h, the distance from the preparation to the counter wire andr - 
the radius of the counter window, 


The measurements were carried out with an end-window counter with a mica window 1.8 mg/cm* thick. 

The preparation, mounted on a thin plexiglas film, whose thickness was roeasured in tenths of a micron, was - 
placed at a distance of 1 cm from the counter wire. The counter holder was made of plexiglas to decrease the 
reflection of -particles. The ccefficleats g and s, measured under these conditions, equalled 1. The diameter : 
of the sample measured was inalf the radius of the counter window, ie. 0.5cem Hence cos a=h/ (h?+27) =0.7; 
w=0.5(1-cosa)=0.15. The coefficient p=1 and the coefficient k=0.7. The observed activity I was 0.37- -10° 

. counts/min. On the basis of these data, the total stectue activity of the three technetlum samples taken for 
gravimetric analysis (see Table 1) was a = 0,37° 10°/3,71° 10*- 60° 0.7-0.15 = 15.3yC, which corresponds to 
0.918 mg of metallic technetium, taking {ts specific activity as equal to 20 pC/ mg. 


The deviation of the results of the radloinetric and gravimetric analyses was 5.4% > 


Ammonium pertechnate was examined spectrorhotomeuically on an SF-4 spectrophotometez. Prismatic 
silica cells, 1 cm long, were used. The absorption spectra of the solution were studied in the wavelength ree re 
2100-2300 A at intervals of 50A with various slit widths from 0,333 to 0.092 mm at*constant sensitivity. A 
was used as Night source, 
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An aqucous solution of ammonium pertechnate was 
examined. The techactium concentration in the sample 
was determined radiometsically and equalled 2.9°10°4 M 
(approximately 400 counts/ min ), 4 


S_S 


D 
S 


The absorption curve, illustrated in Fig. 2, is simf- 
a lar to the curve obtained by the other Investigators [3, 4} 
However, the maximum at 2450 A, which we found, is 
approximately 20 A closer to the short wave region. Ia 
our case, the value of the molar extinction coeffictent . 
E= D/ C= 1.276/ 0.00029 = 4407. A molar extinction co- 
300 3000 : 200 2029 A efficient of 4090 at an absorption maximum of 2470 A 
is reported in the literature. The slight deviation from 
Fig. 2, Absorption spectrum ofan aqueous Uterature data observed, may be explained by the fact that 
solution of pertechnate, the measurements wese performed on different spectrophoe 
tometer modcls with different resol ving capacities, 


Optical density 


: LITERATURE CITED 
(1) V. L Spitsyn and A, F. Kuzina, J, Atomic Energy 5, 141 (1958).¢ 
G. Seaborg, N, Perlman and J. Hollender, Table of lsotopes, For. Lit. Press, 1956 [Russian translation} 
(3) L. Rulfs and W. Wayne-Meinke, J. Am, Chem. Soc, 74, 235 (1952). 
[4] G. E. Boyd, J. W. Cobble, C. M, Nelson and W. T. Smith, J. Am. Chem, Soc, 74, 556 (1952). 
| 3 Received October 25, 1958 


* Original Russian pagination, See C, B, Translation, 


105 


| 
| 
. 
| 
| 
| 
| 
e | 
| 
4 | 
a 
| 
| | 
e | 
| 
| | 
| 
| 
i® 
| 
| 


THE CONNECTION BETWEEN THE ACID NATURE OF 
TRICALCIUM PHOSPHATE AND ITS CATALYTIC 
ACTIVITY IN HYDROLYSIS REACTIONS 


L. Kh. Freidiioa and V. Z. Sharf 
N. D. Zelinskif Institute of Ozganic Chemistry, Academy of Sciences, USSR 
(Presented by Academician A. A, Balandin, September 2, 1958) 


In a series of previous works {t was established that uicalcium phosphate has a high activity in dehydration 
[1] hydration [2] and vapor-phase hydrolysis of halobenzenes (3}. It was proposed that the activity of the phose 
phate fa these reactions was caused by its acid nature. If this Is correct, then the catalytic activity of the phos 
phate should be reduced fn the presence of bases. In order to test this proposition, in the present work, a study was 
made of the hydrolysis of viny] etiers on uwicalclum phosphate and its deactivation by bases ~ amines and alkal§ 
hydroxides. This reaction was chosen as the hydrolysis of vinyl ethers (in the liquid phase) is strongly catalyzed 
by acids, but 4s not accelerated by bases. The hydrolysis of alkyl vinyl ethers In the vapor phase is accelerated 
by aluniinosilicate, silver oxide [4] and tungsten dioxide on aluminum oxide [5} 


The experiments were carried out In a circulating 
apparatus (2} The catalyst was prepared from caicium 
chloride and diammonium phosphate. The zeaction ube 
wasPyrex, the volume of catalyst 5 ml and the grain 
size 2x 3mm. All the experiments were performed 
with one and the same postion of catalyst. After each. 
experiment, lasting about 1 hour, the catalyst was regen~ 
erated by weatment with air at 400° for 2 hours. With 
the ald of two automatic dosers, the ether and water were 
introduced equally through an evaporator onto the catalyst 
and the amine was mixed with elther the ether or the 
water. The rates of introduction ef the amines, ethers and . 

+ water were Calculated in moles per liter of cataiyst per 
mole/ hr hour. In experiments with vinyl phenyl! and vinyl 
dichlorophenyl ethers, the catalyzate was placed in a flask 
Fig. 1. Deactivation of a phosphate catalyst connected to a reflux condenser and the acetaldehyde 
by triethylamine in the hydrolysis of vinyl distilled off In a stream of nitrogen by boiling and ahsorbed 
phenyl (1) and vinyl 2,4-dichloropheny? (2) inwater, Then to the cCatalyzate was added an aque= 
ethers, ous solution of sodium hydroxide and the mixture treated 
three timcs with n-heptane to extract the unreacted ether. 


The acetaldehyde (acetone) content of the reaction products was determined by the oxime method, the | 
phenol, bromometrically and the unreacted ether by the consumption of hydrogen during its hydrogenation over 
Raney nickel at 20°. In experiments with a-methylvinyl aryl ethers, a correction was introduced in the deter 
mination of acctone to allow for its Incomplete oximination [6} In experiments with vinyl n-butyl ether and 
with 4,5-dihydrosylvan the acetaldehyde and acetopropyl alcohol in the catalyzate were determined by oximinae 
tion in an alkaline medium [7} 
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The constants of the compounds hydrolyzed and the conditions and results of the experiments are given tn 
the Table, showing that the hydrolysis procceds at a relatively rapid rate at comparatively low temperatures 
on the phosphate catalyst, Vinyl n-butyl, a-methylviny! phenyl and a-methylvinyl m-cresyl ethers and 4,5- 
dihydrosylyan are hydrolyzed almost quantitatively at 160° and vinyl phenyl and vinyl 2,4-dichlorophenyl ethers 
are 65 and 77% hydrolyzed, respectively. In the absence of catalyst, vinyl n-butyl ether, for example, is only 
3% hydrolyzed (Exp. No. 21) at a higher temperature (220°), In experiments with vinyl phenyl and vinyl 2,4- 
dichlorophenyl ethers, the yield of phenol fs usually higher than the yield of acetaldehyde, The latter probably 


‘TABLE 


‘Experimental conditions Yield, % 


g *4 ratio, - - 


mixture, 
M/ liter ites 


phenols 
acetaldee 
hyde 


Viny! phenyl (154— 
155°; 1,5226; 0,9772) 


& 
A 


Vinyl 2,4- ~dichlorophenyl 
(85—87°/7 nm 
1.5568: 1,2828) 


> 
8 


& & 


So MWS 


34 
16 
ii 

7 
41 

3 
82 


a-Methylvin 1 phenyl 
(61°/18mm 1.5000, 
0,9551) 


m-cresyl 
(79°46 mm 14,5054; 
0,444) 
Vinyl n-butyl (93 — 
1,41.38; 0,779) 


8 


4, 5-Dihydrosylvan (79 — 
£0°; 1,426 7; 0,9039) 


Note: *Pyridine, * Acetopropyl alcohol. * Acetone. * Experiment in the absence of 
Catalyst. 


undergoes partial condensation under the conditions of the process. The same may explain the fall in acetalde- 
hyde yield from vinyl n-butyl ether at temperatures above 160°, In Experiments Nos. 1-5, the amount of unre 
acted ether in the catalyzate was determined besides the phenol and the acetaldehyde. The presence of triethyl- 
amine did not Interfere with the determination of the ether, but pyridine completely deactivated the nickel hydro= 
genation catalyst, The amounts of ether In these experiments were respectively 29. % 65.17, 75.1, 89.3 and 93.4% 
Thus, the total of phenol and unreacted ether reached 94. 0-98.3% 


| 
2 160] 0,205 
ico 42:4 0.414 
4 00 | 42:4 0.90% 
100 | 42:4 1.979 
6 160 | 42:4 24008 
8 160 1 9,205 
160 | 14.5:4 0,507 
10 160 | 14.5:4 OAM 
if 460 | 01614 
12 160 | 14°5:4 2.4008 
{2a 160 | 44.5:4 o 
12b 160 | 14,5:1 0 
14 160] 15:1] 
| 04 115 40 
13 440] 68:4] 445 
47 460} 415 
18 460 | 2:4 115 
19 1600 | 68:1] 445 
20 200 | 6.8:4] 445 
216 220 | 415 
22 300 | 6.8:1] 445 
23 160 | 9,2:4 66 


Experiincats Nos, 1-12, in which the effect of vases on the catalyst sctlvity » was studied, were of the great- 
cst Interest, In the presence of tricthylarhine, the degree of hydrolysis of vinyl aryl ethers fell sharply. In the 
presence of large amounts of ticthylamine, the hydrolysis of ethers stopped almost completely. Apparently, 
tricthylamine adsorbed on the catalyst fs continuously desesbed and carried by the stream of water vapor, This fs 
confinned by the fact that when a Catalyst that had been strongly deactivated with ulethylamine (after Experfe 
ment Nu. 5) was treated with water vapor (5.7 ml of water per hour at 160° for % hours), fee acelvity wascome ~ ° 
pletely restored, indicating complicte desorption of the amine. Consequently, onty part of the ainine Is held on 
the catalyst and the greater this Js, the higher its concentration in the reaction sphere, 


Figure 1 shows the dependence of the logarithm of the degrce of hydrolysts (1g m) of vinyl ary] ethers (cale 
culated on the phenol yleldj on the amount of tricthylamine passed through. The curves indicate that there Is 
an exponential relation between the activity of the catalyst and the amount of ulethylamine introduced into the 
sphere of the reaction. A similar dependence was observed In paper (8} In which a study was made of the polsone 
ing of an aluminosilicate catalyst by organic bases in the cracking of hydrocarbons. However, as Fig. 1 shows, 

a further increase in the amount of triethylamine passed over the catalyst (> 0,4 mole/ liter- hour in the reaction 
with vinyl 2,4-dichloropheny] ether and 0.6 mole/ litcr-hour in experiments with vinyl phenyl ezker) had a cone 
lower deactivating effect. Probably, considerable saturation of the catalyst surface with uicthylamine 
had already been reached at these concentrations. It Is Interesting that the deactivating effect of a considerably 
weaker base, pyridine, is extremely weak in comparison with triethylamine (Experiments Nos. 6 and 12). This 
indicates that the poisoning effect of tricthylzmine is connected with ts basic properties, 


It was natural to expect that the catalyst could also be deactivated by mincra} bases. Actually, after the 
catalyst (3.15 g) hed been weated with potassium hydroxide (0.0581 g), it was almost completely deactivated 
(Experiment No. 12a), For restoring its activity, the catalyst was treated with a 50% aqueous solution of acetic 
acid, washed with water and then regenerated to rermove the excess acetic acid. Experiment Ko. 12b shows that 
the activity of the catalyst was almost completely restored, 


Thus, the result of ovr work shows that uicalcium phosphate has a high catalytic pen in the — 
of vinyl ethers. 


In the presence of bases, the activity of the catalyst falls hots and hydrolysis of the ether may be stopped 
alrno:t completely. These facts confism the propositions on the acid nature of a phosphate catalyst, 
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SYNTHESIS OF SPIRO-(5,6)-DODECANE 


N. V. Elagina and Academiclan Kazanskil 
M. V. Lomonosov Moscow State University 


In previous communications, syntheses were described for some cyclic hydrocarbons containing a quaternary 
carbon atom in the ring, nemely, spiro-(4,4)-nonane [1] spiro-(4,5)-decane [2] and 1,1-dimethyleyclohexane 
[3,4], involving che use of the pinacolin rearrangement of ditertiary a-glycols, The ketones obtained in this way 
were convericd into hydrazones and the latter were dccompo:ed catalytically by the method of N. M. Kizhner. 


In the present work this reaction was used for the synthesis of yet another bicyclic hydrocarbon with a spirane 
structure ~ spiro-(5,6)-dodecane (1). . 


tt 
CH,—-CH, CH, -CH,—CH, 


First, cyclohexanone was reduced with amalgamated aluminum In dry benzene to give 1,1°-dihydroxy- 
dicyclohexyl (IL). The pinacone (Il) was treated with 63% sulfuric acid to give a mixture containing 30% of 
spiro-(5,6)-dodecanone-7 (LI) and 70% 1,1"-dicyclohexeny] (IV). As our experiments showed, the use of higher 
sulfuric acid concentrations led to tar formation and more dilute sulfuric acid acted mainly as a dehydrating agent 
so that the main reaction product was 1,1°-dicyclohexenyl (1V). 


CH, 
CHy—CHy 


The mixture of ketone (111) and diene (IV) was distilled in vacuum on a fractionating column and the fractions 
enriched in splroketone were treated with semicarbazide hydrochloride. The semicarbazone of spiro-{5,6)-dodec= 
anone=7 was decomposed with hydrochloric acid and the ketone distilled off in steam. Treatment of spiro-{5,6)- 
dodecanone-7 (113) with hydrazine hydrate gave the hydrazone (V), which was decomposed in the presence of 
potassium hydroxide and platinized charcoal, 
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The spiro-(5,6)-dodecane obtained was a quite thick, colostess Mquid with @ pleasant camphor-like smell, — 


The constants of spiro-(5, 6)-dodccane are as follows: b. P. 100-101°/9 mm; n”D 1, 4874; 49 9021; MRp 
found 53, 06, calculated for 53.21, 


EXPERIMENTAL 


1, 1° Dihydroxy-1, 1° -dicyclohexyl. Into a 2 round-bottomed flask, connected to a reflux condenser 
and a dropping funnel through an adaptor, was placed 50 g (1.9 g-at) of fine aluminum turnings and 409 mi of 
dry benzene. The benzene was heated to boiling and then a solution of 24 g of mercuric chloride in 200 g (2,04 
mole) of freshly distilled cyclohexanone was added. A vigorous reaction began immediately and was accompanied 
by energetic boiling of the reaction mixture, which continued for 15 minutes. The mixture was then boiled ona 
water bath with frequent shaking for 1 hour. 160 ml of water and 200 ml of benzene were added to the cooled re- 
action mixture, The reaction mixture was heated on a boiling water bath for 1 hour and filtered in the hot state 
through a Buchner funnel. The residue was extracted with 250 ml of boiling benzene and the benzene solution 
separated from the residue on a Buchner funnel. This operation was carried out two more times, The benzene 
solutions were combined and benzene distilled off until temperature of the emergent vapors reached 120°. 


The residue in the flask, a thick yellow oil, was cooled with {ce, When petroleum ether was added, a 
white crystalline precipitate of the pinacone formed and this was sucked off, washed with petroleum ether and 
dried in air. We obtained 91.7 g of 1 (yield 45.4% of theoretical) with m.p. 
129-130°, 


Literature data: m.p. 128.5-129.5 [5]; 130° [6-8]; 128° [9]. 


_Spiro-(5,6)-dodecanone-7 and 1,1°-dicyclohexenyl. Into a 500 ml round-bottomed flask, connected to a 
reflux condenser through an adaptor, was placed 100 mlof water and 100 ml of concentrated sulfuric acid (d 1.84). 
69 g (0.3 mole) of finely ground 1,1*-dihydroxy-1,I"-dicyclohexyl was gradually added with shaking to the still 
warm mixture, Turbidity of the solution was observed and an oily layer formed on the surface, The flask was 
heated for 2 hours on a boiling watcr bath with frequent shaking. After the heating, the reaction mixture con- 
sisted of two layers, an upper, yellow oily layer, containing the spiroketone and the diene hydrocarbon and a 
lower, aqueous layer.. The oil was steam distilled and the distillate extracted with ether. - 


The ether solution was washed with 3% sodium hydroxide solution and then with water and dried over fused 
. potassium carbonate. The ether was removed and the residue fractionated in vacuum. We obtained 27.5 g of 
a mixture of spiro-(5,6)-dodecanone-7 and 1,1°=dicyclohexenyl, which had b.p. 103-103.5°/ 2 mm and 21,5258, 


The semicarbazone of spire-(5,6}-dodecanone-7, A mixture of spiro~(5,6)-dodecanone=7 and 1,1°-dicyclo- 
hexenyl (286 g) was fractionally distilled in vacuum on a fractionating column with | sa packing with an effici- 
ency of 40 theoretical plates. Fractions enriched in spiroketone (b.p. 125°/ 9 mm, n°’D 1.4973 and b.p. 126.8- | 
127/10 mm; a n”p 1. 4988) were treated with semicarbazide hydrochloride. The semicarbazone was sucked off, 
washed on the filter with alcohol, water, again with alcohol and with petro!eum ether and recrystallized twice 
from a 15-fold amount of ethyl alcohol. We obtained 128 g of the semicarbazone of spiro-(5, 6)-dodecanone-7 
m.p. 206-207", 


Literature data: m.p. 208.5-209.5° [10]; 209.5-210.5° 


_Spiro-(5,6)-dodecanone-7, Into a round-bottomed flask of 500 ml capacity was placed 20 g (0.084 mele) 
of the semicarbazone of spiro-(5,6)-dodecanone-7 and 200 ml of 10% hydrochloric acid, The Mask was fitted with 
a reflux condenser and heated on a boiling water bath for 2 hours with shaking. The ketone liberated was steam 
distilled, The distillate was extracted with ether, ° 


The ether solution was washed with 3% soda solution and then with water and dried over mee mag- 
‘fesium sulfate, The ether was distilled off and the residue vacuum distilled. 


128 g of the semicarbazone of splro-(5,6)-dodecanone-7 yielded 88 g of splro-(5,6)-dodecaaone-7, The 
yleld, calculated on 1,1°=dihydroxy=1, e-y was 15.5% of the theoretical, 


The constants of spiro-(5,6)-dodecanone-7 were as follows: b. 110°/4 min; 119-129°/7 mm; a” p 1, 494 
a 49.9906; MRp found 00, calculated for a 53.22, . 
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Literature data: p. 120°/8 nm, 1, 4830, 40. 795 b.p. 101-103°/ 2 mm [10}; b.p. 
mm fll} 


Spiro-(5,6)-dodecane, Into a 150 ml round-bottomed flask, fitted with a reflux condenser, was placed 
34.6 g (0.19 mole) of spizo-(5,6)-dodecanone=7, 31.7 § (.57 mole) of 90% hydrazine hydrate and $0 ml of ethyl 
alcohol. The flask was heated for 7 hours en anoil bath; the temperature was kept at 120°, Then the alcohol 
and the unreacted hydrazine hydrate were distilled from the reaction mixture, At the end of the distillation, 
the temperature of the bath was ralsed to 140°, 


The residue in the reaction flask was saturated with solid potassium hydroxide and the Noating hydrazone was 
sepsrated from the aqueous layer In a separating funnel. The hydrazone was difed with freshly fused potassium 
hydroxide, fet in the cold and then with heating cn an oil-bath at 100°, -We obtained 36.3 98 of the hydrazone 
of spizo-(5,6)-dodecanone-7 in the form of a thick, light yellow off, ° 


The hydrazone of spir0{5,6)-dodecanone-7 was decomposed catalytically without preliminary distiNation, 


Into 2 100 ml Wurtz flask, fitted with a thermometer and connected to a distillation condenser, was placed 
the hydrazone of spiro-(5,6)-dodecanone-7 and 2 g of freshly fused potassium hydroxide, ground toa fine powder, 
with 0.1 g of platinized charcoal. The minature was heated on a metal bath, whose temperature was slowly raised. 
The hydracarbon distilled off at a bath temperature of 240-250°. The temperature of the emergent vapor was 
210-215°. The distillate was dricd with fused potassium ‘ietolatde and distilled over fresh catalyst. The hydro- 
carbon obtsined wes washed three times with 50%; acetic acid, then with water, with 3% potassium hydroxide 
solution and again with water and dried with fused potash. Fractionation over metallic sodlum yielded 18.3 g of 
spiro-(5,6)-dodecane. The yield was 57.3% of theoretical. : 


The constants of spiro-(5,6)-dodecane were as follows: b.p. 100- -101°/9 mm; n™D 1.4874; 0. 9021; 
MP py found $3.06, calculated for 53.21. 


Found %: C 86.64; 86.64; H 13.25; 13.46 C,,H3,. Calculated %: C 86.66; H 13.34 


Spiro-(5,6)-codecane was a quite thick, colorless liquid with a camphor-Like smell. © z 
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Ont reducing 15 g of spiro-(5,6)-dodecanune-7 by the Clemmensen method, Laber 12) obtained a bid product, | 


from which he was able to isclate a very small amount of a fraction with b.p. 103-106°/ 9mm anda "D 1,4890, 
© Original Russian pagination, See C, B, Translation, 
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INVESTIGATION OF THE COMPOSITION OF URANATES OF ALKALI 
ELEMENTS PREPARED BY A DRY METHOD 


K. M, Efremova, E. A. Ippolitova, Yu. P. Simanov and 
Academician V. 1, Spitsyn 


M. V. Lomonosov Moscow State University 


In the literature there are reports [1-3] on the preparation of monouranates of all the alkalf metals and the 
divranates of lithium, sodium and potassium by the high temperature reaction of uranium oxides or salts with the 
oxides or salts of alkali elements, Fusion ofuranyl sulfate with sodium or potassium chloride followed by boiling 
the reaction product with water gave sodium triuranate, Na,U,0,,, and the hexahydrate of potassium hexauzanate, 
K,U,0,9° CHO, respectively. It is reported [4] that oa reacting UO; with molten sodium hydroxide first a uranzce - 
with the composition NagUOg is formed and then (above 400°) this is converted into a more stable compound fn 
which the ratio of Na:U varies from 0.5:1 to 1:1. Thus, there are no exhaustive data on the nature of the uraae 
ates formed by each alkali element at high temperatures, . 


TABLE 1 


Firing of Normal Uranates of Alkali Elements, The Duration of 
Firing at Each Temperature was 6 Hours 


The ratio of-Me,0: UO, in the iiring products 


L1,U0,] | KUO, | 


71,005 
24,022 
11,06 
1,25 
1,97 


1: 
1; 
i: 
1: 


Zachariasen [5] reports that the structures of lithium, sodium and potassium monouranates contzIn kexage 
onal or pseudohexagonal layers, similar to those in calcium monouranate [6} However, the results obtained by 
other authors [7] do not agree with the data given by Zachariasen, They found that the structures of a-Li,UO, 
B-Na,UOy K,UO, Rb,UO, and Cs,U0, contained tetragonal or pseudotetragonal layers of (UO,)0, similazstw 
those reported for the structures of BaUO, [8] and 8-UOXOH), [9}. it is possible that this difference fs due to the 
existence of polymorphous modifications. Hexagonal layers of the composition UQ,, were found in the struce 
tures of sodium, potassium and rubidium diuranates [7}. 


Using thermal and x-ray phase analysis, we investigated the preparation conditions and the composition of 
uranates of alkali elements formed by heating uranium oxides (UO, or U,O,) in air with the carbonates of the az- 
propriate elements, The thermal analysis was carried out with a PK-52 pyrometez using compressed tatlets, 


In investigating the reaction of uranium oxides with the catbonates of alkali elements, the reagents were 
taken in amounts calculated to give uranates with different ratios of Melo and UO,(3:1, 2:1, 1:1, 1:2 1:3, © 


1:4, 1:5, 1: 6). 


: 
|. 
700} | 14,003 | 4 4:1,013 | 
809 4:1,01 |. 1:1,018 4 4:1,12 
4 1000] | 4:4,02 | 4:4,036. | 4 1:2,47 
4100} Ma | 4:4,05 1:1.07 4 4:3,12 
g 
i : 


Lithium cranates, The existence of LI,UO, a-Li,UO, B-LI,U0,, Li,U,0, and L1,U,0,, was established, 
was converted to B-LI,U0, as a result of prolonged [ring (60 hours) at 1300°, No lithium dluranate 
formed when Li,UOg was heated In a current of CO, B-L1,U0, crystallized In hexagonal syngony, as Zacharlasen 
had supposed The axis parameters are 273.96 kX, z= 2, LIUO, crystallized In rhombic syngony with axis 
parameters of a= 10.972 0,01 kX, b=7.95kX, ¢=4.98 t 0.OLKX, Pxray 75.12, p 74. 81 and z=4, The cryse 
tals of tiuranate are of tetragonal with axis parameters of a=5. dt 0,01k X, 0.02kX, 
Px-tay = 1.62, Ppyk 27,23 and z=2, 


Sodium uranates, The Investigations established the 
formation of NaUOs, a- and 8-modificatlons of Na,UO, 
and Na,U,0;. Regardless cf the ratio of the reagents, the 
reaction of urantum oxides with sodium carbonate started 
at about 500°, In all cases the exothermic effect on the 
thermograms corresponded to the formation of sodium di- 
uranate, For example, the heating curve of a mixture with 
the ratio of Na,CO,: UO,=1:1 (Fig. 1) had two effects: 
exothermlc (530-540°), the effect of the components re- 
acting, and endothermic (825-850°), corresponding to the 
melting of the sodium carbonate that had not reacted. 


Time (min) 


Fig. 1. The heating curve of the mixture To Investigate the further course of this reaction, 


E separate portions of this mixture were fired to constant 
weight at 600-650° and at higher temperatures. The 

x-rays Of the fired products indicated that at temperae 
ture of 600° the diuranate, reacting with excess sodium carbonate, was converted to sodium &-monouranate, . This 
reaction proceeded slowly and therefore no effect corresponding to it was observed on the thermogram. 


The heating curve of sodium a-monouranate (Fig. 2) showed that at a temperature of 900-925" (endothermic 
effect) it was converted to the B-modification of sodium monouranate, Heating Na,UO, In a current of CO, (4 
hours and 1000°) gave sodium diuranate, 


Flring a mixture of Na,CO, and UO, In a ratio of Na,O; UO,=2:1 and 3:1 at 1000° gave a uranate of the 
composition NaUO;. Its formation preceeded through the stages of di- and monouranates, Na,UO, crystallized 
in shomble syngony with axis parameters of a=10.914 0.02k X, b=5.71kX, c= 5.022 0.01 KX, =5.07, 
Poy =4-71 and z=2. On investigating the firing products of the other mixtures (1: 2; 1:3 etc.) we noted only 
the formation of sodium diuranate, 


Potassium uranates. On investigating the reaction of uranium oxides with potassium carbonate {t was found 
that as reported above, at first, regardless of the ratio of the starting reagents, potasslum diuranate was formed 
and, depending on whether there was an excess of pota:slum carbonate or uranium oxide, this was converted to 
potassium ortho-, mono- or trluranate. Suitable ratios of K,U;Oy and UO, reacted to give tetra- and hexaurae 
nates. 


Thus, the reactions in the solld phase gave KUO, K,UOy K,U,0;, K,U;Oj9, K,U,Qy3 and K,U,Oy. KUO, 
crystallized in rhombic syngony with axis parameters of a=12.92k X, b=3.49kX, c= 8.57k X, 
Ppyk =4.10 andz=2, 


Rubidium uranates. The formation of Rb,UO;, Rb,UO, Rb,U,0,3, and was established, 
As in the previous cases, the monouranate and salts with the composition Rb,UOs formed through the stage of 
diuranate, Rb,UOs crystallized in tetragonal syngony with axis parameters of a=8. 16kX, c713.7kX, Pxeray” 
Ppyk *5.51 andz=4, 


Cesium uranates. Cs,CO, reacted with uranium oxides to give uranates with the following composition: - 
CsUOg CsU30;, O09, and Cs,U0, was also formed through the stage of diuranate, A 
comparison of the data on the composition of the uranates of various alkali elements showed that the most come 

. plex polyuranates (tetra and hexauranates) formed only with alkali metals which have the greatest radii(K, Rb 
and Cs), In this case these large anlons are stable, due to the low polarizing effect of the cations, Prats 


The data available in the literature (1) en the behavior of uranates under high ee conditions: 
do not give a complete picture of the thermal stability of thése salts, : 


We investigated the thermal stabillty of the uranates 
obtained. Samples of monouranates, reduced to constant 
weight at 600°, were heated In a platinum boat In a current 
of air for 6 hour periods at tempcratures of 700-1100" at 
100° intervals. The data obtained are given in the Table, The 
firing products were Investigated by x-ray phase analysts, 


Lithium monouranate {s heat stable as it does not de~ © 
compose wien heated for 60 hours at 1300°, In contrast to. 
Li,UO, sodium, potassium and rubidium uranates decompose 

_ at temperatures of 1200-1300° to give divranates. Na,UO, 
Time (min) was completely converted to N3,U,0, when fired at 1300° 
Fig. 2. The heating curve of sodium for 74 hours, K,UO, at 1200° for 60 hours ard Rb,UO, at 1200° 
for Cs,U0, when fired at 1200° for 
_monouranate, 


Thus, in going from Li,UO, to Cs,UOR, the stability of the monouranates decreases and this corresponds to 
the increase in the deformability of the cations in this order and in the volatility of the oxides 1.0} 


Sodium and potassium diuranates were completely stable at 1300°; mbidium diuranate, fired at 1200° for 
20 hours, changed its structure which Indicates either the appearance of a new modification or pastial decompo- 
sition (the color of the urznate remained orange). Cesium diuranate decomposed at 1200°. 


The thermal decomposition of potassium triuranate occurred at 1100-1200° and was accompanied by a 
change in color from orange to black. This gave K,U,O, and U30, by the reaction: 


3K,U,019 = 3K,U,0; + U0, 0,50, 


Slow cooling of the firing products as well as heating them In air at a tempcrature of 800-900" produced ther te- 
verse reaction and orange red potassium triuranate was reformed. 


Of the polyuranates we prepared, rubidium tetrawanate was the most stable compound — it did not decome 
pose when heated st 1206° for 30 hours. Rubidium hexauranate decomposed at 900° to form mixed oxides of ura- 
nium, 


hen cesium ies den tri- and teuauranates were heated at 1200° for 6 hours and cesium hexauranate 
at 1000° (6 hours), the color changed from orange to black. An x-ray phase analysis of the firing products showed 
that they contained the same phase with a uranium content of 68.7% Besides this phase, the firing product of 
cesium hexauranate also contained mixed oxides of uranium. 


Thus, the hexauranates of alkalf elements are less stable than the other polyuranates, 
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APPLICATION OF HAMMETT'S EQUATION IN THE THEORY 
OF TAUTOMERIC EQUILIBRIUM 


THE THIONE-THIOL TAUTOMERISM OF THIOPHOSPHORUS COMPOUNDS 


Academician M. I. Kabachnik, T. A. Mastryukova, 
A. £. Shipov and T. A. Melent*eva 


Institute of Heteroorganic Compounds, Academy of Sciences, USSR 


As was shown previously [1] the relation of the equilibrium constant to the fonization constant of the form, 
KyS = Kys/K;s, or on introducing the activity cocfficiests to a single standard medium, Ky) 
(fys/ fig) is of fundemental importance in the theory of tautomeric equilibrium. On this basis the Bronsted- Ize 
mailov theory [2] of acid-base protolytic equilibrium in solution was zpplicd to tautomeric equilibrium and, thus, 
a quantitative interpretation of the fonie theory tautomerism was proposed, Two of us and S, T. loffe showed 

that the Bronsted equation {fs applicable to thiophosphoroorganic acids. This 

re mace It possible to determine the position of tautomeric equilibrium in 
dialkyl dithiophosphorice acids and (with N. L Kurochkin, M, Popow 
and N, P. Redionova) in 2lkyl thiozikylphosphinic acids [4} 


7 


7 
-R—P—OH R—P=O 


OR OR. 


In this work attention was mainly paid to the effect of the medium oa the 
position of the equilibrium. The effect of the structure of the tautomerie 
lait was considered only qualitatively on the basis of the qualitative rules of organic chemistry. 


It was important to proceed further and establish the principles of the quantitative relation of the structure 
of tautomeric acids to the position of the equilibrium. As the tautomeric equilibrium constant fs a function of 
the acid properties of the forms participating in the equilibrium, it is possible to use the known quantitative rules 
which relate the structure of organic acids totheirionization constants. This type of mle is described by Hammetr’s 
law [5S] log (K/K*)=po, Hammett’s equation is applicable to various aromatic compounds, One of us showed 
recently that it fs also applicable (in the form pK = pK*~pra) to organophosphorus acids of the type RR’ P(O)OH ~ 
or RR'P(S)OH(R and R’ are hydrogen, hydroxyl, alkoxyl, aroxyl or different aliphatic or aromatic radicals) (6). 

" In this case, the conducung system (instead of aa aromatic ring) is a phosphoryl or a thiophosphoryl group. 


It was thus reasonable to use Hammett’s equatioz In studying the tautomerism of thiophosphorus compounds, 
One could assume that the methods of investigation developed and the mules established on the example of thio= 
phosphorus compounds would be general and, consequently, could be further used for studying other forms of 
tautomerism, | 


In applying Hammett’s rule to the fonization constant of two tautomeric forms, it is necessary to write two ‘ 
Uncar equations: 


. 
| 
RO S RO. SH Hi 
ae 
| 
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pK, = ps, (a) pKa = 


which differ oniy in the values of the parameters pK® and p(p4 for form (1) and pq for form (11)). In the general . 
case, they are expressed graphically in the coordinates pK and £0 by two intersecting Ines (Flg. 1). Since 

pKy =pKy~ pK, then the constant of the tautomeric equilibrium In this graph ts characterized for each substance 
(each value of a) by the segment of ordinate b, included between the two lines, The goiat of intersection of 
the Ines (b= 0) corresponds to Ky =1. The region to the left of this point corresponds to uie displacement of the 
tautomeric equilibrium toward form (1) and that to the right toward form (Il). 


Experimentally, however, it {s not the lonization constants 
5 
ales of separate forms which are measured but certain effective cons 
stants K,, related to the ionization constants of the forms dy the 
equation [7] 


Ka Ki K2] (Ks +- K;). (2) 


Thus, if K,>>K3, then ‘* K, and, on the contrary, if Ky<<Ky. 
then Ky=K,. If Ky and K;, taken from formulas (1a) and (1b), 
-are substituted in equation (2), then the relation of K, to the 
parameters of Hammett’s equation may be readily derived: 


Ko 


Ka= 


This relation is expressed graphically in the coordinates pK 


3 
and Lo by the curve g(£c), which approaches asymp- 
| < totically the two upper legs of lines 1 and I1(Fig. 1). This curve 


passes above the point of intersection of the two lines at a dis- 
‘tance (along the ordinate) of log 2.° 


If we take logarithms of equation (2) we obtain pK, © 
pK,~— log K,/(K,+K,), and hence PKy= log (Ky + 1)=a; 
finaliy 


Ky = 10°—1, 


where a fs the deviation (along the ordinate) of the experimental curve from its asymptote, which coincides with: 
the line pK,= pKi-p 329. The experimental method of solving the problem quantitatively Is based on this. 


The effective fonization constants of tautomeric mixtures of a series of similar substances, which differ ta 
the nature of the substituents (in the case of thiophosphoroorganic acids~R or R’), are measured by some method. 
The graph pK = A Z¢) is plotted from the data obtained. If a linear relation is thus obtained, then one may cone 
clude that the tautomeric equilibrium of all the substances investigated is displaced practically completely to- 
ward one form. If, however, the experimental data result in a curve, of which only one branch corresponds to a 
linear relation while the other deviates from it, then one may conclude that the ‘equilibrium is displaced toward 
one of the forms of the substances which corresponds to the linear section of the curve and that a second form | 
appears in the equilibrium in the region of the deviation. The oridinate segments a, included between the exe © 
perimental curve and the line, obtained by extrapolating the lincar section, characterize the value of the tauto- 


meric equilibrium constant —— to ) formula (4). We give the experimental data obtained for ae 
organic compounds. ‘ 

‘© Recently Jaffé and Gardner [B} derived a similar equation for a particular ry when Ki=K§ namely, for the 
tautomerism of salts of substituted azobenzenes: Kg= 10°22 aor 10). however, didnot 
give the solution of the problem. - 


19 60% alco 
hol 
: 
2 
atco- | 79? 
hol 
| 


Table 1 gives the effective ionization constants (pKa) for a serics of tautorncric acids RR'P(S)OI «= RR’ P(O)SH, 
which differ in the — groups. R and R’ and, consequently, in the valucs of £0, calculated according to (6 and 9} 
The detcrminations were carried out by potentioinctric measurement of the pH of partially acutsalized solutions 

in 7 and 80% alcohol (LP-5 pll-meter, adjusted with a biphthalate buffer 
with ptl 4.00; concentration 5° 10°? mole/liter; temperature 20° and determine 
ation error t 0.05 pK). As Fig. 2 shews, a good near relation of the points | 
with Lo from ~3 to —1 was observed in 80% alcohol, In 7% alcohol devie 
ation from a linear relation began at lower values of Lo so that it was pref 
crable to use only the points with Lo from ~3 to ~2 to obtain a relfable 
linear extrapolation. The parameters of the lines pKy= pK}~p,z9, charace 
terizing the ionization constants of thione forms in 7 and 80% alcohol were 
found from the data obtained (by the method of Icast squares [10]). The 
following results were obtained: in 7% alcohol pK, = 0.69-0,924r0 with a 
correlation coefficientof r= 0,962; and in 80% alcohol pKy= 2.00-1,329 
with r=0.998. From this we calculated the values of the deviation a from 
a linear relatos for points lying on the curved sections, and the values of 
Ky corresponding to thein (equal to 107-1), given in Table 1, 


7% alco- 
hol ‘ 


The valucs of the tautomeric equilibrium constants must, {n thelr . 
turn, satisfy Hammeit’s equations 


logKr = logkt (5) 


Fig. 3 sows the graph of the relation of log Ky to La, plotted from the data in Table 1, As can be seen, the 
linear relation of Hammett is fulfilled here quite well. Further elaboration (by the method of least squares) gave 


TABLE 1 


Kr thiol form 


nIicohofalcoho 


2 


Expt. no, 


present 
WOrk 


° 88 


m.p.. 
dec 


41,0356, 
4, 1023)- 
1,072 
1, $669 


iso -C,H,O 
oH, 
C,14,0 


eas 
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ana 
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one 
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TSodium salt, * The measurements were {naccurate due to rapid hydrolysis of the CH,O group. 
? Triethylammonium salt. * the pH of a solution of the triethylammonium salt was measured; the 
pK was calculated from the hydrolysis constants of the salt with an accuracy of 0.1 pK, 5 Calcue. 
lations of the pK from the hydrolysis constant of the salt was difficult due to the unreliable value 

_ of Kw for 80% alcohol. © The substances were made available by N, N, Godivikov and E. 1, Godyna, 


. 


q 
Fig. 3 
. 1% [80%] SX] 
C.H,0 C,H,0* —0.122 |1,40° 
«14,0 
180 -C,11,0 | 150-C,H,0 
£0-C,11,0 
C,1,0 165,5—109,5 
C.H,0 
19] CH, MP. ‘i 
11] CH,  112—112,5 
12] CH, C,H,0 105—107 . : 
34] CH 90 
151 GH, 101-102 Py 
| GH, €8,5~—19 
21] C,H, $i—81,5 
zz} iso-C.H, | M.p. 69, 
2] sco sec  102—402,5 
ia 


. 


ad 


the following results: for 7% alcohol pK yz 20.74+1.172 when £0,970 and for 80% alcohol, whenr= 0,961, 


* 0,854 2,139 xa, Finally, the percentage contents of the thfol forms for solutions of all the substances Investl- 


gated were calculated from the formulas obtained (see Table 1). For comparison, the results we had obtained pre- 
viously by another method ® are given beside them. 


Thus, a quantitative analysts of a tautomeric equilibrium may be glven on the basis of deviation of tauto- 
merle acids from Hammett’s Inear relation of pX, to o (or Za). 
LITERATURE CITED 
(1) M. L Kabachnik, Proc, Acad. Sci, 83, 407, 859 (195%); Prog, Chern, 25, 137 (1956). 


{2] J. N. Bronsted, Chem. Rev. 5 , 291 (1928); J. Phys. Chem. A 169, 32(1934); N. A. Izmalloy, J. Phys. 
Chem, 23, 639, 643 (1949); 24, 321 (1950), 


(3] M. L Kabachnik, S, T. Ioffe and T. A, Mastryukova, J. Gen. Chem. 25, 684 (1955).* © 


(4) M. Kabachnik, N. L Kurochkin,T. A. Masturyukova, S, T. loffe, E. M. and N. P. Rodlonova, 
Proc, Acad, Sci. USSR 104, 861 (1955). 


(5] L, P. Hammett, Physical Organic Chemistry, N, Y. 1940, 

[6] M. 1. Kabachnik, Proc. Acad, Sci. USSR, 110, 393 (1956).¢ © 

(7] M. L Kabachnik, Proc, Acad, Sci. USSR, 859, (1952). 

(8) H. H. Jaff€ and R W. Gardner, J. Amer. Chem, Soc. £0, 319 (1958). 


(9} T. A. Mastryukova, T. A. Mclent’eva, A. and M, L Kabachnik, J. Gen, Chem, 29 
(in press). 
(10) HH. Jaffé, Chem, Rev. 53, 253 (1953). 


; Received January 26, 1959 


© These data we obtained on the basis of a strict adherence to Bronsted’s omen for organophosporus acids, he 
studying a large number of substances, we found that the slope of the lines PRis = 0pK.s + constant did not mae 


. 45°, Therefore, these data are now changed somewhat, 
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REACTION OF HEXAFLUOROBUTADIENE-1,3 WITH: 
ALCOHOLS AND AMINES 


Academician I, L. Kounyants, B, L. Dyatkin and 
L. S. German 


Institute of Heteroorganic Compounds, Academy of Sciences, USSR 


The reactivity of 1,3-dienes of the pesMuorocarboa sezies has hardly been studied. Only some radical ree 


actions of hexafluorobutadiene-1,3, in which the conjugation effect of the double bond appears, are known, Thus, . 
_ halogenation of it gives a mixture of 1,2- and 1,4-dihalides QJ} - 


and when heated, it is cyclized intramolecularly to hexafluorocyclobutene [% 3} 


. 
1 


CF = CFs — Cs, 


Reactions with nucleophilic reagents, which are so very characterisulc of Nuoroolefins, have not been Investigated 
in the case of perfluorobutadicae, Meanwhile, it {s these reactioss especially which are most valuable {n elucl- 
dating the nature of the conjugation of the bonds in perfluorinated dienes, since here, in contrast to diene hydro- 


carbons, there should be the transfer of a negative charge and not a positive charge along the conjugation chains 


By reacting perfuorobutadiene with sodium ethylate ia ethanol, we obtained a substance which lost hydro- 
gen fluoride whea we attempted to isolate it in a pure form and gave 1,4-diethoxyperfluorobutadiene-1,3; 


1. 
CF — CF — CF CF — CF 


Treatment of the 1,4-diethoxyperfluorobutadiene=1,3 with concentrated sulfuric acid gave the diethyl ester of 
Nuoroethylene-1, 2-dicarboxylic acid, which reacted with hydrazine hydrate to form 3-carbethoxypyrazolone-& 
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‘Thus, in the prescuce of an alcoholate, perMuorobutadiene seacts with two motecules of alcohol and the _ 
terminal carbon atoins are attacked nucleophilically, 


_ When perfuorobutadfcne was heated with alcohol In the presence of triethylamine, it added a molecule of 
alcohol, The resultsofa _pretiminary Investigation of the reaction products (data on Infrared spectra and nuclear 
thagnete resonance of F ’) Indicated 1,4-addition; 


Cig CF — CF Chg _. RO — CF, — CF CF CF 
R=CH,; 


PerfMuorobutadiene reacted with secondary and primary aliphatic amines under mild conditlons, Reaction with 
diethylamine resulted in the formation of the unstable 1-dlethylaminoperMuorobutadlene-1,3: 


which was — hydrolyzed to yive the diethylamide of ‘o-hydroperMuorovinylacetlc acid: 


CFy = CF —CF CF —N (Calls 19 CFH--CON 


Perfluorobutadiene reacted with piperidine similarly: 


CF —CF = Cy (CF, = CF — CF 


CF; =: CF —CFH — 


Reaction of perfluorobutadfene with ethylamine and hydrolysis of the reaction products gave the ethylamide 
of a-hydroperfluorovinylacetic acid and the bis-ethylamide of Mluoroethylene-1, 2-dicarboxyl{c acid: 


C?,=CF-CF=CF, 


In this case, as in the case of the ester, the bis-ethylamide of symmetric difluorosuccinie formed lost only one © 
molecule of hydrogen Nuoride and gave the corresponding derivative of Muoroethylene-1,2-dicarboxylic acid. 


EXPERIMENTAL’ 


1,4-Diethoxyperfluorobutadienc-1,3. With stirring and cooling in ice, 21 g (0.13 mole) of hexafluoro- 
butadiene-1,3 was gradually added to a solution of sodium ethylate in ethyl alcohol, prepared from 4.8 g (0.21 
g-at) of sodium and 200 ml of abs. ethanol. After a day the mixture was poured Into dilute hydrochloric acid 
and the oil separated, washed with water and dried over calcium chloride. Decomposition with the evolution 
of hydrogen fluoride was observed. Distillation gave 18.9 g of a substance with b.p. 45-83717 mm, Several 
grams of powdered silica gel was added to this substance. The mixture heated up and hydrogen Muoride was 
evolved vigorously. The mixture was left overnight and then extracted with ether. The extract was washed with 
water and dried over calcium chloride, The residue after removal of the ether was vacuum distilled. We ob- 
tained 11.6 g (41.89% of thecretical) of Se-dhetnyperiiucedbutadiene-2, 3 with b.p, 83-87/17 mm. A second - 
distillation gave a substance with b.p. 83-85°/17 mm, n n®*p 1,3871, d™, 1.1883, MR found 42.44, calculated 
for 242.05 


Found %: C 44.41; 5.06 "Calculated tn C 44.86; H 147 
LR, LR. spectrums msg 1740 
© Here and fn all subsequent cases, data on Infrared spectra are Presented for the range 1600-1900 cm”, 
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Diethyl ester of fluorocthylene-1 acid, Over a period of hours, about 2.5 ml of cone, 
sulfuric acid was gradually added to a solution of 9 g of 1,4-dicthonyperfluorobutadienc-1,3'in 20-ml of methyl 
ene chloride, The mixture was periodically shaken over a period of several hours, left overnight, then carefully 
washed with water and dricd over magnesium sulfate, The methylene chloride was removed and the residue 
vacuum distilled. We obtained 6.7 g (83.6% of theoretical) of the dicthy] ester of Nuorocthylcne-1,2- dicarboxyle 
i¢ acid, which distilled at 81-83°/ mni, The compound had a pleasant, but at the same time Srritating smell, 
reminiscent of the sincll of dicthy] scetylenedicarbexylote. A second distillation gave a substance with the fole 

lowing constants: b.p. 74°/1,5 mm, n™D 1.4330, 1.1456, MR found 43.14, calculated for | F 41,84, 
E MR=1,3 


Found %: C $0.62, H 5.91; F 9.82 CgFHj,O, Calculated %: C 50.52; H 5,83; F 9.99 


1-Methoayhydroperfluorobutene-%, A mixture of 16.2 g (0.1 mole) of hexafluorobutadiene-1,3, 6 mi of 
absolute methyl alcoliol and 0.8 ml of wicthylamine was heated at 90-100° for 4 hours in a steel tube of 75 inl 
capacity The cooled mixture was decomposed with dilute hydrochlric acid and the ofly layer separated, washed 
with water and dricd over calcium chloride, As a result of distillation, we obtained $.7 g (50% of theoretical) 
of 1-methoxy-4- hyéropeReaobutons.s with b.p. 65-68°/ 748 mm. A second distillation gave a product with 
b.p. 30-31°/ 143 mm, n™D 1.3030, d”, 1.3696; MR found 27.37, calculated for CsFgi,O F 27.31 


Found %: C 30.82; H 2,23; F $8.99 Saget Calculated $e: C 30.94; H 2.08; F 58.74 
L R specuum: ymax 1700(weak), 1730 em? 


_1-Ethoxy=4-hy dsoperfucrobutene-2. The seaction was similar to the one described above, From 14.5 g 
(0.09 mote) of hexaflucrobutadiene=1,3, 10 ml of absolute ethyl alcohol and 1 ml of triethylamine, we ebtalned 
10 g (53.5% of thecretical) of 1-ethoxy-4-hycroperMuorobutene-% boiling at $8-51°/144 mm, As a result of a 
second distillation, we obtained a substance with the following constants: B. -p. 43.5°/144 mm, np 1. 3270, 
1.3090, MR found 32.17, calculated for MR 31.92, 


Found %: C 34.85; H 3.03; F 54.77 Preece Calculated %: c 34.63; H 2.91; F 54.77 
LR specuum: 4, 1730; 1790 (weak) cm? 


1-Diethylaminoperfuorobutadiene-1,3. With cooling with ice and vigorous stirring, 16.2 g (0. 1 mole) of 
hexafivozobutedicne-1,3 was added over a period of half an hour to a solution of 18 g (0.25 mole) of diethylamine 
in 200 ml of absolute ether. Stirring and cooling were continued for a further hour and then the diethylamine 
hydrofuoride precipitate was filtered off and the ether distilled from the filtrate in vacuum at room temperature 
in a sucam of nitrogen, Distillation of the residue yielded 17.4 g (81% of theoretical) of 1-diethylaminopere 
fluorobutadiene-1,3 with b.p. 45-50°/15 mm. A second distillation yielded a substance with b.p. 45°/15 mm, 
n*D 1.3960, Found: 9.29% of hydrolyzable F. Calculated for CgFgH,)N i for one hydrolyzable F atom) 
8.83% LR spectrum: 1710; 1800 em™, 


The diethylamide of a-hydroperfMuorovinylacetic acid, A solution of 11 g of 1- -diethylaminoperfluorobu 
tadiene-1,3 in 20 ml of ether was shaken for several minutes with 25 ml of ‘vater, then the ether layer separated 
and dried with magnesium sulfate. The residue from removal of the ether was vacuum distilled. We obtained 
9.4 g (86% of theoretical) of the diethylamide of a-hydroperMuorovinylacetic acid with b.p. 72-74°/ . mm. A 
second distillation gave a substance with the following constants: b.p. 63.5°/3.5 mm, n”D 1.4110, d,1.2428; 
MR found 42.63, calculated for CsFsH,,NOF 43.06, 


Found %: C 45.23; H 5.13; F 36.14; N 6.56 C,F,i,,NO, Calculated %: C 45.07; H 5,20; F 35.65 
N 6.57 


LR specuum: 


ee 


Vmax 1660; 1800 cm 4, 


Piperidine of a-hydroperNMuorovinylacetic acid. With cooling in ice and vigorous stirring, 12 g (0.075 
mole) of hcxaNuorobutadiene-1,3 was added over a period of 45 minutes to a solution of 16 ¢{0.22 mole) of 
piperidine in 250 ml of abs. ether. Stirsing was continued for a further 45 minutes at room temperature and 
then the mixture was decomposed with ice and dilute hydrochloric acid, The ether layer was separated and the - 
aqucous one exuacted with ether, The combined ether extracts were dried over magnesium sulfate, the ether re= 
moved and the residue vacuum disulled, We obtained 8 g (48% of theoretical) of the piperidine of a-hydropere 


‘ 
me 
4 
+ 
$ 
ay 
| 
| 


Nuorovinylacetic as a Hquid with b.p, 92-9574 mm. A second distillation gave a sub- 
stance with b.p. 94°/5 mm, 1.4420, 4% 1.3203; MR found 45.13; calculated for CyF yNOF 45,48, 


Found %: C 48,16; H 4.71; F 34.00 CsFH.,NO, Calculated %: C 48,00 H 4.92; F 33.75 


LR spectrum: ymax 1560; 1800 


Reaction of hexafluorobutadiene-1,3 with ethylamine, With stlreing and coolfng In Ice and salt mixture, 
16 g of hexafluorobutadlenc-1,3 was added over a period of half an hour to a solution of 20 ml of ethylamine in 
150 ml of abs. ether. Stirring was continued for a further 15 minutes with cooling and 30 minutes at room teme 
perature, Then the reaction mixture was decomposed with Ice and dilute hydrochloric acid, the ether layer sepa 
rated and the aqueous one extracted with ether. The combined ether extracts were left overnight, then the crys 
tals of the bis-ethylamide of Muoroethytene-1,2- dicarboxylic acid (4,5 g) which separated were filtered off and 


recrystallized from watez. The m.p. was 195°, 

Found %: C 51,10; H 6.87; F 10,06; N 14.94 C,FH,,N,0,, Calculated %: C 51.05; H 6.96; F 10,10 

N 14.89, 
The ether was distilled from the filtrate In vacuum, We obtained 0.7 g of a nike tesidue, which was the 
ethylamide of a-hydroperfluorovinylacetic acid. The m.p. was 55-56° (from n-octane). 


Found %: C 38.56; H 3.86; N 7.59 CF gLNO, Calculated %: C 38.92; H 3,81; N 7.56 
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POLAROGRAPHY OF COPPER a-ALANIN ATE 


E. A. Maksimyuk and G. S, Ginzburg 
1, P, Paviov First Medical Institute, Leningrad 
(Presented by Academician A, A. Grinberg, October 20, 1958) 


In papers published previously [1, 2] {t was shown that In the case ef a retarded stage of discharge of a 

complex, the specific adsorption of the addend displaced the half-wave potential at a mercury dropping electrode 
- in a direction determined by the sign of the lon charge and by the value of the adsorption potential, and also 

that the specific adsorption of the discharged ion Itself led to a sharp displacement of the half-wave potential 

toward wie positive side. Cis- and trans-{somers show different tendencles for specific adsorption and due to this, 

it is possible to identify these isomers by the value of the half-wave potential, It {s true that such a diffesence 

is observed only in neutral molecules and monovalent fons. No difference in the values of the half-wave poten= 

tals of the cls- and trans-{fsomers of the trivalent fon (Co en{NH,),J°* could be found, as in this case the charge 

of ion (3+) suppressed the effect of the polarity of the fon, 


A. A. Grinberg and Z, E. Gol’braikh [3] thoroughly studied the 
properties of the needic-like and the plate-like forms of copper glye 
colate. An attempt to explain the existence fn the crystal structure 
of two forms of copper glycolate by the presence of cis- and trans- 

_ isomerism, was unsuccessful In contrast to what was established by 
A. A, Grinberg and B. V. Putysn [4] in the case of the needle-like 
forms of the glycolate of divalent platinum, We also found no dif- 
ference In the half-wave potentials when plotting polarograms of the 
needle and plate forms of copper glycolate in solutions of various 
concentrations, Thus, up to now, no difference has been found between 
the needle and plate forms of copper glycolate In aqueous solution. 


“Go : In 1956 Z. E. Gol’braikh was the first to prepare the plate form 
ly hccee of copper a-alaninate [5]. Z. E. Gol’braikh tried to establish the 
Fig, 1. “The selecion of the ball> difference between the structures of the needle and the plate forms of 
ith copper @-alaninate, but, having put forward a hypothesis on the exist= 
ence of cis- and trans-lsomerism, found no proof of it, 


1) Needle form of copper gly In the present work, the character of the reduction of the two 
colate; 2) plate form of cop- forms of copper @-alaninate at a mercury dropping electrode was 

per glycolate; 3) needle form studied. The appropriate different forms of copper a-alaninate were 

of copper &-alaninate; 4) plate ‘prepared by Z, E, Gol’braikh’s method {5}, The material being investi- 
form of copper a-alaninate, gated was dissolved in a 0.1 N soiution of potassium sulfate, which 
acted as the base, Gelatin was used to suppress the maxima, A mete 
curous sulfate electrode was used as the anode, - 


Figure shows that the half-wave potentials of the needle and plate forms of the c-alaninate have different 
values, The half-wave potentials of the needle crystals of the a-alaninate are more positive than the half-wave 
potentials of the plate crystals, It Is impossible to assign a cis- or trans-structure unequivocally to one of otheg 
form on the basis of the polarographic method, but the existence of other data on the possibility of clis- and 
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trans-Isomerism In the forms of copper a-alzulnate being studfed Indicates 
that a cls~structure may be assigned to the needle form, 


same. 


The scabillty of copper glycolate and a-alaninate are practically the 


The mean values of the negatlve logarithms of the instabillty con- 
stants, obtained by varlous methods, are equal to 15.3 for copper glycolate 
and 15.2 for copper a- alaninate (6} 


It follows from Fig. 1 that the half-wave potentials of copper gly- 
20 mole/liter colate have a more negative value and, consequently, having the same 

stability, copper plycolate has a lower specific adsorption than the * 
Fig. 2, The relation of the alaninate, 
half-wave potential to con- 
centration of copper glyco~ 
late at 20° (1) and at 50°(2). As Fig. 2 shows, at 50° the half-wave potentials of the needle and 

plate forms of copper glycolate in the region of low concentrations coln=- 

cide with the half-wave potentials at 20° and at higher concentrations, the half-wave potentials at 50° are dis- 
placed toward the positive side. The plate form of copper a-alaninate behaves similarly. However, as regards 
the needle form of copper a-alaninate, the curves of the relation of the half-wave potential to concentration 
at 20° and 50° colncide along their whole length. 


The results obtained refer to a temperature of 20°, 
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A HIGHER HYDRATE OF FERRIC OXIDE 


P. S. Meleshko 
1. V. Stalin State Medical Institute of the Crlmea,Simferopol 
(Presented by Academician L 1 Chernyaev, October 25, 1958) 


The extensive literature devoted to the problein of the egmposition of colloidal ferric hydroxide Includes 


meny references to the existence of higher hydrate forms (containing three to nine water molecules per two mole - 
ecules per two molecules ef ferric oxide). However, a critical exam{nation of the results of vartous authors’ fe — 


vestigations makes the majority of the data obtained questionable due to the inadequacy of the methods used. 

In the first case, this refers to those works in which use was made of old methods of preparative chemistry that 
are unsuitable for investigating colloidally dispersed systems [1-4]. The same may be said of the investigations 

jn which the authors used snethods of physicoclieimical analysis that are applicable {n the analysis of coarsely 
crystalline phases and did not take into cousidcration the specific characteristics of colloidally dispersed systems 
when applying these methods to a study in this field 5-10) 


TABLE 1 : 
The Fe,0,- H,O~ System 


Mixture of Mquid and solid 
phases (LS), % 


NHI, %(c) Fe,0, (a) (b) 


Sample Liquid phase 
No. 


3.95 22.96 3.27 

1.90 21.65 6.44 
11.52 22,75 9.08 
15.30 21.61 12.02 
18.48 19,30 14.58 


The “third component® method proposed by P. T. Danil'chenko [11] makes {t possible to determine un- _ 

equivocally the amount of water bound chemically In 2 colloidal hydrate. Analysis of an aged ferric hydroxide 

. el] by the method of P. T. Danil*chenko showed that it was the monohydrate Fe,0,*H,O [12], Investigation of 
freshly precipitated preparations of colloidal ferric hydroxide [13, 14) indicated the presence of hydrates with 
the composition 2Fez03° 5H,0, Fe,03° 2H,0 and 2Fe,03° 3H,0, which were unstable compounds that dehydrated 
at norma! temperature to stable monohydrates, Although in textbooks the formula of ferric hydroxide has been 
siven as Fe(Oli); (Fe,03- 3H,0) for a long ume, the existence of such a hydrate could not be proven up to now, 
Onc must admit that the reason for this is the extreme nr of the uihydrate, but under the known esr 
tion conditions it fs still practicable. 


To prevent the decomposition of freshly prepared colloidal ferric hydroxide, It was necessary to lower as 
far as possible the tempcrature for the preparation and investigation of the hydrogel and to cut down the tims 
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from the moment that the preparation was forined to its analysis and therefore the investigation procedure used 
(13} was modlfied, The fersie hydroxide gel was obtaincd by pouring a definite volume of a 1 N solution of * 
FeCly into an equal volume of a 2 N solution of ammonia, The concentrations of ihe two solutions were rigidly 
set, Then a calculated amount of 0,2 N HCI titration solution was added (with vigorous stirring) to the reaction 
flask until the excess ammonia was completely neutralized. Having used ammontum chloride as the third come 
ponent, we did not need to wash the preparation (which usually required at least 20 days), 


The hydrogel was precipitated at an alr temperature of not 
more than 2 (the reactlon flask was placed In snow and the reacting 
solutions were cooled first to 1°), Five portions of hydrogel, filtered 
and condensed In the cold, were placed in test tubes with cooled solu- 
tlons of at varfovs concentrations (from 5 to 25%). Thetest 
tubes were placed fn a beaker with snow and transferred toa refriges 
ator, Where the temperature was below Z, Silver wire stirrers had 
been threaded through the stoppers of all tubes and these were used 
to mix the contents of the tubes carefully several times per day. 

20 After the adsorption equilibrium had been established, on the sixth 
i : day after the preparation of the gel, portlons of the equilibrium 

; solution and of the mixture of the solid and Iquid phases were col- 
Fig. 1 lected for analysis. 


The results of Investigating the Fe,0,;—~ H,O~ NHI system 
are shown In Table 1 and are plotted on a trlangular diagram ( 11} see also Fig. 1). 


As the diagcam shows, the three Hnes of the composition of the LS mixture, corresponding to the oa 
concentrations of the equilibrium solutions, intersect at one point. The “hypotenuse of the hydrate composition® 
dawn through this point Intersects the abscissa at the percentage ratio Fe,0,/ H,O= 75/ 24, which corzesponds to 
the hydrate Fe,0,° 3H,0 (calcuiated 74.71% of Fe,0). 


To obtain more accurate data, the composition of the hydrate was also calculated {11, 13}. The diagram 
shows that in tubes I and If, the maximum adsorption of the dissolved material on the surface of the hydrogel was 
not achieved and therefore the analysis data for these samples were not used In calculating the composition of 
the hydrate. In order to find the content of the anhydrous substance in the hydrate, x, the values c and c”, a° 
and a® and b’ and b", corresponding to the three palrs of sainples: Ill and IV, Ul and — IV and V, were sub- 
stimted in the equation. 
a’a’e’ (100 — c’) (100 — 

a’ (100 — — —c")(c’ —6°) 


The values obtained are: xyyj~yy= 75.64; "79.9 06; xyy-y 74.41. The average of the values equals 
15.04%. 


: Thus, the analytical data agree well with those obtained graphically. If one considers the unavoldable ex- 
perimental errors, then the presence of ferric hydroxide trihydrate may be considered as proven and the conditions 
for its existence also established. This supplements our knowledge of the higher hydrates of ferric oxide. The 
investigation procedure used widens the possibility of studying freshly precipitated colloidal hydrates, 
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PREPARATION OF KETONES CONTAINING AN ATOM OF TIN IN 
A POSITION @ TO THE CARBONYL GROUP 


Academician A. N. Nesmeyanov, 1. F, Lutsenko and 
S. V. Ponomarev 


M, V. Lomonosov Moscow State University 


Continuing the Investigation of the simplest metal enolates {1] we uied to prepare them by an exchange 
reaction between metal alcoholates and acetates of enol forms. In this article we give the results of studying 
the reaction of enol acetates with wi2lkylmethoxystannanes, 


Mixing equivalent amounts of R,;SnOCHy and an enol acetate resulted in moderate heat evolution and the - 
alky] acetate (quantitatively) and an crgenotin compound (70-95 % yield) could be distilled from the reaction 
mixture. A detailed study of the ozganotin derivatives thus obtained showed that they were not the enolates of 
trialkyltin, but a-mcetallated ketones, isomeric with them. 


The problem of whethes the organotin compound, obtained from isopropenyl acetate and RsSnOCHs had 


the ketone structure RySnCH,COCHs (1) of the enclate structure (II), could be sclved spectroscople 


CHy 
cally — by investigating the infrared and Raman spectra In two regions: in the region 1600-1700 em §, whch ine 
cludes the oscillation bands of the C=C and the C=O bonds and in the region ~3000 cm™, which Includes the 
bands of the valence oscillation of 


The infrared spectra of the organotia compounds obtained showed Intense absorption at 1684 cm” {R=C,H,) 
and at 1686 cm™!(R=C,t4).¢ Aliphatic ketones have characteristic bands in the region 1700-1725 cm™!, Howe 
ever, when a double bond or an aromatic ring, conjugated with the C=O group, Is present in a molecule, the ose 
cillation frequency of the ketone carbony} group drops 1665-1685 em™*, Compounds with structure (1) have in the 
position a to the carbonyl group an atom of tin with a relatively high polarizability, which should Induce a de= 
crease in the frequencies of the oscillations, sirnilar to the effect preduced by a couble bond or an aromatic ring, 
and this was actually observed. It should be noted that in the case of a-mercurated ketones, an even greater 
cisplacement is observed and the absorption bands of the 6 mercury ketones investigated Jay at 1660-1670 cm” 


A band at 1671 cm # was found In the Raman spectrum of the organotin compounds synthesized, 


The frequency values obtained are too high for the C=C bond (structure (Ii)). The lithium vinylate we 
described previously [1] had an absorption band inthe infrared spectrum,corresponding to the oscillations of the 
doubje bond, at 1610 cm"!, Furthermore, no absorption bands couid be found in the region ~3040-3090 cm”? 
as would be expected with structure (IZ), either in the infrared or in the Raman spectra. Finally, as in the case 
of mercurated aldehydes and ketones, the ceganotin compounds obtained had ultraviolet absorption spectra with 
intense bands in the absorption region of carbony! compounds and there was a slight displacement of the charace 
teristic band toward the Jong wavelength region as compared with that of acetone and a very strong increase ia 
intensity: CHyCOCHsAmax 271 mp, Ig € 1.2; CIHgCH,COCHsA max 296 my, Ig € 2.59; (C,H)3SnCH,COCH, 
Amax 277-280 € 2.34; Amax 281-283 my, lg¢ 2.10. These spectroscopic data allow’ 


* We would like to take this opportunity to thank L, A, Kazitsyna, E, G, Treshchova and B, V. Lokshin, who care 
ticd out the spectroscopic investigation of ulethylacetonyltun and tributylacetonyltin, 
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us to assign the structure of a-nictallated ketones to the organotin compounds we synthesized. A thorough spectro- 
scopic Investlyation was carried out as the extreme hydrolyzability of the compounds obtained made it difficult 
to solve the problem of structure by chemical methods, 


The reaction between RjSnOCH, and enol acetates proceeded by the following summarized equation: 


OCOCHs 


and may be examined formally as the addition of the organotin compound at the double bond. The Constants, 
yields and analyses of the organotin ketones are given in Table 1. . 


TABLE 1 


Compound i Bop. 


(CALI 100,5—-101°76 11,4991 


mm 
11G—417°74 2872 
mm 


(C,H), $0C11,COCH, 98—1007/1 }1,4865,1, 1953 
mm 


130~—$22°72 11484211, 1255 
mm 


The new class of metalloorganic ketones, containing an atom of tin in the a-pcsition, have very different prop=- 
erties from those of ketones containing an R;Sn group in the B-position [2} Thus, wlethylacetonyltin was readily 
and rapidly hydrolyzed in water (with noticeable heat evolution) to give wiethyltin hydroxide and acetone. Such 

an unexpectedly easy hydrolysis of the C~Sn bond doubtlessly is caused by the presence of o- x-conjugation ia 

the molecule of the compound. In particular, thls conjugation effect {s also seen in the displacement of the os- 
cillacion frequencies in the UV and IRR spectra, both in organomercury and organotin oxo compounds, Our attempts 
to prepare metallated acetaldehyde from viryl zcetate and R3SnOCH,(R= C,H ,C,H,) have so far been unsuccess- 
ful. Although on mixing equivalent amounts of vinyl acetate and R,;SnOCH,, the reaction mixture heated up notice 
ably and methy! acetate could be distilled quantitatively from it, the expected R,SoCH,CHO wget during 
vacuum distillation (with a residual pressure of 1-1.5 mm). 


tn connection with this, we would like to note the recent report of M, Lesbre and Buisson [3} in which they 
describe the preparation of tributylacetonyltin from tributyistannane and diazoacetone. This compound is de- 
scribed as.a thick, yellow liquid with b.p. 130-1347714 mm. No other characteristics, not even carbon and hydro- 
gen analyses, are given while the tin analysis differs from the calculated value by more than 1% 


The sample of twibutylacetonyltin we prepared and characterized by complete analysis and IR and UV spectra 
is a colorless liquid with b.p. 130-132°/2 mm. Distillation of the compound at higher pressure (4-5 mm) re- 
sulted In noticeable decomposition of the substance, which distilled in the form of a yellow liquid under thee 
conditions, These data, as well as the considerable difference in boiling points, seezn to Indicate that M. Lesbre 
obtained and described an impure compound. 


The starting trialkylmethoxystannanes were prepared in 70-80% ylelds from tialkylchlorostannanes acd 
sodium methylate in absolute methyl! alcohol. - 


(CH,);SnOCH,, b.p. 713-74°/13 mm; n™p 1.4760, 61.3065; b.p. 87-85°/3 mm, 
d?, , b.p. 101-1027 2 mm, n np 1, 4145, 1.1690, 


'47,56)7,9 47,57|7,55) 
| | 
47 
| | [22,268.62 
1519219, 
52, 17|9,64|34,39 
34.39 
30,70155,2519, 54134 .09 


Preparation of urlethylacetonylun, 5 g (0.05 mole) of fsopropenyl acetate was added to 11,8 g (0.05 mole) 
of uicthylmethoxytin, The reaction mixture heated up noticeably, The mixture was heated for half an hour and 
then the methy] acetate distilled off at « 40-50%, The residue was vacuum distilled and the substance obtained had 
b.p. 100.5-101°,’6 mm and the ee, was 12,3 g (95% of theoretical). The other compounds were prepared simile 


larly. 


Reaction of ufethylacetonyltin with water, 0,2 g of water was added to 2.6 g (0,01 mole) of trlethylacetoe 
After 1 minute the mixwre gave off leat and crystallized completely to triethyltin hydroxide with m.p, 


nyltin, 
44°, 
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THE EFFECT OF COMPOSITION AND CONDITIONS OF HEAT 
TREATMENT ON THE STRUCTURE AND CATALYTIC ACTIVITY 
OF Al,O5 ZrO, CATALYSTS 


A. M. Rubinshtein, V. A. Afanas*ev, V. M. Akimov, 
N. A. Pribytkova and K. I. Slovetskaia 


. 


N. D. Zclinskii Institute of Organic Chemistry, Academy of Sciences, USSR i 
(Pzesented by Academician A, A. Balandin, October 17, 1958) 


This investigation is a development of our study of binary catalysts based on Al,05 [1,2]. ZrO, is used as 
an additive to or a component of mixed catalysts, but we have not encountered works which elther describe the 
~ gesults of systematically changing the ratio of components and the conditions of heat weatment or determine the 

specific cctlvity of such catalysts. The structure 
of the Al,0,— system Is studied in article 


“ pone (3] in which the effect of mutual psotection from 
—, crystallization of the components {s examined and 
: : in article (4] which contains a detalled x-ray struce 
tural description of such preparations, 
We investigated the decomposition of absolute 
isopropyl] alcohol on Al,0,~ZrO, catalysts, prepared 
2°0,-- --= by coprecipitation from volumes of 10% solutions of 
Fig 3 Al and Zr nitrates in appropriate ratios, with 10% 


ammonia, at room temperature and with a final pH 
of 8.7-9.5. The washed and molded precipitates 

were dried at 110° and separate portions of each preparation were fired at 400, 600, and 750°, The water loss was 
determined; it was found that even at 400° the dehydration of the hydroxides was quite high and that the catalysts ee 
consisted of oxides. Raising the firing temperature to 750° eliminated only an additional 2% of the water present a 
in an adsorbed state in catalysts that had been fi.ed at 400°. The prepared, fired catalysts were grains with a 
cross section of 1.2-1.3 mm. In the main experiments 3 cm of catalyst was loaded into the reactor. {-C,H;OW 
was decomposed in a flow system [1) with a volume rate of 1.0 hr and the activity was determined by the 
volume and composition of the gas evolved. The values of the reaction rate constants K were calculated from 
the experimental data by the equation K= Nm/(M~m/ 2[5] and the specific activity A,o.,_ was calculated from 
the values K and S (specific surface) (Table 1). The'values of S were obtained by measuring the adsorption {so 
therms of benzene vapor at 20° by a dynamic method [6] and calculating by the BET equation. The corresponding : ; 
data are given in Fig. 1, which shows that the catalysts investigated had a very highly developed surface and were 
quite heat stable as their su:face was found to be extremely great even after firing at 150°. This indicates the } 
mutual protective effect from crystallization (sintering) of the components of the catalysts, The change in the ' i 
porous structure of the catalysts when fircd may be seen in Fig. 2, which gives the curves of diameter distribution a 
of the pores, calculated by Kelvin’s equation, for catalysts with 10 mole % Zr0,; the curves show a displacement 
and a widening of the maximum with an increase in the firing temperature. This picture Is typical of the changes - 
occurring during heat weatment of catalysts of the system Investigated, 
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Figure 3 gives a graph of the changes in Asnec 


Al,O3~ ZrO, catalysts were active even at 250° 
while ZrO, had the same activity only at 300°, To save 
space, In Table 1 we give the degree of change, characterl- 
zing the general activity only at temperatures of 245 and 
269°, Under these conditions only the dehydration of 
C3H,ON occurred on all the binary catalysts, Exarnination 
of the data in Table 1 shows that the addition of 5 mole % 
ZrO, to catalysts fired at 400° did noi increase the general 
activity and the addition of 10 mole% and more Increased 
At little, The Increase in activity {s definitely due to con- 
siderably greater values of S of binary catalysts in com- 
parison with Al,0,, The same results were obtained In come 
paring the general activity of Al,0, and of binary catalysts, 
fired at 750°; at first, in spite of the greater value of S, 
binary ewes are less active than Al,O, 2nd only starting 
with 15 mole % of ZrO, do they become as actlve. We can 
thus conclude that under these conditions Al,O, Is not active 
ated by the addition of Zr0,, 


with composition and catalyst firing temperature ( 1 -750", 


2— 600°, 3 — 400°) in experiments at 260°; a simiiar picture was obtained for expeziments at 245 and 230°, 
although in these cases there was some scattering of points in the region of 5-15 mole % of ZrO, Fig. 3 shows 
that from 5 to 15 mole 4 of Z10; Aspe grows and then docs rot change with composition: starting of 15 mote % 
of ZrO;,, for various firing temperatures Aspec forms a system of lines which are parallel to the ccencentration 
axis. The constancy of Aspec over wide range of Z10, concentrations indicates that under these conditions 

the reaction proceeds only on Al,O, and that the ZrO, acts only as an inest carrier, As can be seen from the 


TABLE 1 


Experimental Data Obtained with Al 203— ZrO, Cata- 
lysts 


Degree of 
conversion 
{-C3H,0H,% 


Heat 
ment, °C 
Bulk weight, 


g/cc 


210; con- 
tent,mole % 
PHorecip, 


33 


|x| 


o 


222) 


e 


Pure Al,O, 
At 300°, including 1% deliydrogenation, 
92° At 320°, including S%dehydrogenation, 
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* data in Table 1(S and the degree of conversion) 
and Fig. 3, A, of pure A1,0, {s greater than 
the Aspec Of of binary catalysts; a more detailed 
study of the Agpec of A!,0; showed that at 245° 
it equalled 2.25-2.58° 10“ mole/m* min, f.e, was 
of the same order as the Aspec Of binary catalysts 
at 260°. All this agrees well with the data from 
x-ray analysis of the catalysts (in which L, D. Kre- 
talova also participated), carried out with RKD 
cameras by an asymmetric method using CuKa 
radiation with an Ni filter. The phases were idene 
tified from tabulated data for the pure components 
[4] and by comparison with the x-ray photos of the 
pure components prepared under the same condie 
tions. The x-ray photos of the binary catalysts 
flred at 400° contained reflections of y-Al,O, 
which weakened with an increase in the. ZrO, con- 
centration, which, apparently, is amorphous In 
this series of catalysts. The ZrO, x-ray (400°) 
had very strong lnes of tetragonal and very weak 
ones of monoclinic ZrO, The series obtained at 
600° gave a similar picture for the binary catalysts 
except that weak lines of the tetragonal modificae 
tion of ZrO, appeared in the x-ray photo of the | 
catalyst with 47 mole % of ZrO,; pure ZrO, was 

- found to be monoclinic with some tetragonal form. 
Starting with 10 mole % of ZrO, the catalysts of 
the 750° series gave x-rays which had lines 
of tetragonal ZrO, besides the ‘y-Al,0, lines; in 
this serles the pure ZrO, was of a monoclinic form 
with only taces - the tetragdnal We thus 
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established that in catalysts prepared by coprecipitation, ZO, and Al,0O, In the form of Independent phases and 
do not form solid solutions (as follows from) a calculation of the lattice parameters). This agrecs with the data 
of Ruff and Ebcrt [4], who found that up to 1800° Z10;.and Al,O, do not react to form solid solutions, | 


We carried out additional experiments at 320° with catalyses 
Sired at 600°, as under these conditions the activity of pure ZrO, 
is This required an increase In the volume rate to 
obtained the following valucs in these experiments: 
Aspec -10= 17; 15; 23; 23 and 25 at $; 10; 25 and 47 mole % 
3 of Z10,, respectively, under these conditions only dehydration of 
wie alcohol occurred while on pure ZrO, dehydrogenation also 
mole % Occurred, The data given show that an Increase in temperature 
20, and volume rate did not change the general picture shown by Fig. 
¢ Fig. 3 3 nor did it affect the conclusions drawn from Fig. 3 and 


tt 


Table 


The increase in general activity in the range 400-600° (Table 1) and in Aspec with firing temperatures (Fig. 
3) may be explained by the destruction of the finest pores, which are difficultly accessible to the alcohol, found 
in catalysts of the 400° series and also, though to a lesser degree, in catalysts fired at 600°, as the fraction of $ 
due to them enters the calculation of Aspece 


In conclusion we should note that the x-ray suuctural data we obtained indicate that y~Al,0, stabilized the 
tctsagonal form of ZrO, and considcrably increased the temperature of Its phase convessfoa to the monoclinic 
form. 
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THE CHARACTER OF THE CYCLIZATION OF PSEUDOIONONE 


V. A. Smit, A. V. Semenovskil, V. M. Medvedeva 
and V. F. Kucherov. 


N. D, Zelinskif Inst{tute of Organic Chemisuy, Academy of Sciences, USSR 
(Presented by Academician B, A. Kazanskil, October 30, 1958) 


A large number of experimental investigations have been devoted to the study of the cyclization conditions 
of pseudoionoce [1-8] and these works showed that pseudoionone Is converted into a mixture of a- and B- fonones 
under the action of various acids, The ratio of the a- and B-isomers formed depends to a considerable degree 
on the nature of the cyclizing agent. It is now generally accepted that the specific cyclizing agent for the prep- 
aration of B-ionone is concentrated sulfuric acid in ether or acetic acid, while for the preparation of a-fonone 
one must use €0% sulfuric or phosphoric acids or, best of ail, boron trifluoride, 


However, analysis of the large amount of Hterature on the cyclization of various isoprenoid compounds In- 
dicate that regardless of the nature of the agent, in almost all cases the first reaction product is the a-{somer 
[9-13] which {s converted by the further action of acid agents into the more stably conjugated system of the B= 
isomer [14, 15} According to this, the specific character of the action of different cyclizing agents must reduce 
to only a greater or smaller extent the capacity for the isomerization of the initally formed fsomer, 


In order to confirm this premise experimentally, we studied the cyclizaticn of pseudojonone under the ace 
tion of sulfuric acid at different temperatures (from +60 to ~60°). The cyclizing agent used was 100% sulfurie 
acid as this gave a smaller amount of side products. In all the experiments, the solvent used was nitromethane } 
or niuopropane, which have low freezing points and dissolve sulfuric acid well. The standard procedure for the a. 
experiment consisted of the following: 10 g of pseudolonone was added with stirring to a solution of 15 ml of sule 
furic acid in 20 ml of nitromethane. The reaction temperature during the addition and the subsequent standing 
Period was regulated by external cooling. The reaction mixture (a red, homogeneous liquid) was poured into a ° 
mixture of 200 ml of ice water and 150 ml of petroleum ether with stirring. After extraction, washing withsodlum 
bicarbonate solution, drying and removal of the solvent, the residue was separated from tarry materia] by vacuum 
distillation, Without further purification, the distillate was analyzed for a- and B-fonone contents by the UV spece 
trum.® The amount of B-isomer was determined by the intensity of its characteristic absorption maximum at 296 
mt (¢ = 10700) and the amount of the a-isomer by the absorption intensity in the region 225-227 my (€ #14200) 

_ With an allowance for the small absorption of B-ionone in this region (€ =6500). As was demonstrated by analysis 
of authentic mixtures, the error in determining the amount of the {someric fonones by this method did not exceed 
* 2% In scparate cases, the purity of the a- and B-lonones formed was confirmed as far as possible by the quan= 
titative isolation ef thelr crystalline derivatives, : 


* The spectra were plotted with the help of T. M. Fadeeva, 
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The results obtained aze presented In Table. 1, As these data show, the ratio of the a- and B-fononcs 
formed {Is completely determined by the cyclization conditions, 4. ¢.,thme, temperature and amount of sulfurle 
acid, When the reaction was performed at ~60°, a product was obtained which contalned hardly any B-fonone, 


TABLE 1 


UV spectra, € Content of mixture, % ° 


les/mole 


2% a-lonone B-lonone 
inp 


Expt, no, 
H,SO, 

of pseudos 
ionone 
Yield of dis- 
tilled prod= 
uct, 


@ 


Time, min 

3s 


> 


Erom 
—60 
+10 
—30 
+10 
0 


OO OIA 


67 28 
Cyclization was in- 
complete 
—10 66 
+10 


+30 


14 460 
1s | —~10 
16°] 95% H +40 
4700 


Pseudolonone recovered 
completely 
Cyclization was In- 
complete 


82 19 


15 60 
87 16 


SS sssskans 


© Experiment In nitropropane. 
95% 


TABLE 2 


UVspectra, Content in mixture, % 


Expt, | Field of dis- 


moies/mole 
no. tilled prod- -B-lonone 


Whe 


oon 


even with prolonged reaction (Expt. No, 5). With the same amount of sulfurle acid (6 moles per mole of pseudos , 
Jonone) and at ~40°, depending on the reaction time, it is possible to prepare mixtures with a predominance of 
elonone (Expt.No, 3) or B-fonone (Expt, No. 4), while the reaction can be carried out successfully at the 

same temperatuse with 95% sulfurle ac}d(Expt, No. 1%). With an —_—- fa the cyclization temperature, there 


6875 | 10160 5 
8050 8800 49 82 
12500 | 2980 72 28 ; 
6330 95590 4 89 
43200 | 1700 86 16 
| 40000 | 4050 59 23 
! 13400 | 1730 83 16 
; | 12420 2130 79 20 
6000 6400 
13250 } 1740 
6:1 +40] 2 
5 
—40] 7 
—40 }1 
24 |—30]4 
4:4 +10] 3 
aie | 420] 4 
4:19¢ | +40 
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Is a sharp Increase ia the amount of B=fonone formed and at +10° there fs hardly any a-lonone In the raixture 
formed even with the minimal reaction ume (Expt. No, 1). . ° 


. The ratio of the a- and B-{somers can also be changed by varying the amount of the cyclizing agent, Thus, 
when the amount of sulfurle acid is reduced to 1 mole per mole of pseudoionone, even at +10° the cyclization 
product contains up to 67% of a-fonone (Expt, No, 9). A further reduction in the amount of sulfuric acid (to 0.4 
mole) leads to the formation of mixtures with a predominance of a-fonone, even + 60°(Expt. No. 14), An Increase 
in the amount of sulfuric acid (to 11 moles) does not lead to a significant changes In the ratlo of a- and 8-fsomerss — 
at ~40°(Expt. No. 15), 


Examination of the results above shows that the {altial and the basic reaction product of pseudolonone cyce 
ization Is a-fonone, This was confismed by a study of the conditions of its fsomerization Into -fonone (Table 
2). As would be expected, complete agreement was observed between the ylelds of 8 -lonone during cyclization . 
and the degree of fsomerization of a-ionone into the B-isomer under identical reaction conditions, 


The isomerization of a-fonone into B-fonone proceeds rapidly and completely at elevated temperatures 
(Expt. No. 1 and 2) and requires a considerable time for completion at Jow temperatures (Expt, No. 4 and 5). & 
is interesting that at ~ 60° it is possible to 2Imost completely exciude this lsomerization (Expt. No, 6), while the 
cyclization proceeds quite rapidly at this temperature, A decrease in the amount of acid to 1 mole per mole of 
a-jonone supresses the isomerization, even at +10°(Expt.No, 8). Phosphoric acid and 60% sulfuric acid are 
capable of producing isomerization of a-lonone IntoB-ionone, cven at temperatures up to + 40°* (Expts, No, 9 
and 10). 


The data we obtained demonstrate unequivocally that the frst process In the cyclization of pseudofonone Is 
the formation of a-ionone, which is capable of a certain degree of isomerization into B-ionone, depending on the. 
reaction conditions, Thus, the seactions whereby these lsomers are formed are not parallel, as was previously 
supposed, but are successive reactions and the specificity of the cyclizing agent reduces to the extent of Its {some 
esizing action, 


The method we developed for the cyclization of pscudolonone Is a conventent preparative method for ob= , 
taining B-lonone and especially a-ionone and may also be of valuc in the preparation of a-trone. 
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THE OXIDATION OF a-BUTANE IN ACETIC ACID SOLUTION 
WITH AIR UNDER PRESSURE 


M. S. Furman, A. D. Shestakova, 1. L. Arest-Yakubovich 
and N. A. Lyubitsyna 


State Scientific Research and Planning Institute of the Nitrogen Industry 
(Presented by Academician S. 1. Vol'fkovich, October 8, 1958) 


A series of investigations [1-3] have been devoted to the gas-phase oxidation of butane. A characteristic 
of this reaction is the formation of a complex range of oxygen-containing compounds (methanol, ethanol, fore 
maldchyde, acetaldchyde, the ower cazboxylic acids, acetone and the pzoducts of their interaction). This wide 


range of oxygen-containing compounds arises from 
the fact that the gas phase oxidation of butane fs 


accomplished at relatively high temperatures (350- 
400°). 


In recent years, communications have ap- 
peared in the literature [4-8] from which it follows 
that the oxidation of hydrocarbons may be accomp= 
lished undes considerably more selective and “mild” 
conditions in the liquid phase under pressure, 


There is particularly great Interest in the 
liquid-phase oxidation of n-butane since, according 
to existing data, valuable organic products may be 
obtained froin it (acetic acid, ethyl acetate and 
methyl ethyl ketone). 


Amountof reacted butané 
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of useful 
tanec 


Yield 
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As follows from the short communications pub- 
lished, the liquid-phase oxidation of butane may be 
ie accomplished either at temperatures below the crite 
WA/hour ical temperature of butane (T_= 152) [4, 5] of at 
Fig. 1. The effect of rate of air Now on the oxidae — 
tion of n-butane in asolvent at different temperae 


tures. Pressure, 60 atm.; duration of experiment, 6 The second method seemed most promising, 
hours; amount of catalyst (cobalt stearate), 0.018% as the use of a solvent makes it possible to avoid 
of the solvent weight. the narrow temperature range dictated by the crit~ 
1) Acctic acid; 2) ethyl acetate; 3) methyl ethyl ical temperature and to vary the oxidation rate 
ketone; 4) total cf useful products; 5) amount of i widely. 

butane reacted; 165°, b~ 150°, 


As solvent one may use an organic Hquidwhich 
fs inert to oxidation under the conditions of the pro=- 
cess and which dissolves butane, ; 


We chose acetic acid, which is an oxidation product of butane, 
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In addition, it is known that the rate of oxidation of hydrocarbons in the phase may be Increased by cata- 
lysts~ salts of variable valence metals and o.ganic acids, 


Experiments on the liquid-phase oxidation of n-butane In a solvent were performed in a type of autoclave 
made of stainless steel with arcmovable titanium vessel, working with pressure on both sides, making it possible 
to avoid completely corrosion and the catalytic action of metal acctates formed by corrosion of the walls of the 
reaction apparatus, The oxidation was achieved with air, Before the reaction, 170 g of n-butane, 170 g of glacial 
acetic acid and the required amount of catalyst, when the reaction was performed catalytically, were placed In 
the reactor. During the experiment, the amount of n-butane in the rcactor was kept constant by the addition of an 
amount of butane equivalent to that which reacted and was carried away with the gas, 


The results of investigating te oxidation 
of n-butane at temperatures below and above 
the critical point are shown In Fig. 1. The oxi- 
dation was accomplished In acetic acid solution 
in the presence of catalyst (cobalt stearate) at - 
a pressure of 60 atm with an experiment dura- 
tion of 6 hours at different ale Now rate. 


& 


The advantage of carrying out the oxi- 
dation of n-butane temperatures above the crit- 
ical point is obvious from Fig. 1, which shows 
the increase in the conversion of n-butane with 
the temperature increase and the rise In the 
yield of the main useful product — acetic acid. 


reacted butane 


= 
Amount of 


Fig. 2 shows data on the effect of a cata- | 
2 lyst(cobalt stearate) on the oxidation of n-butane 
Rate of air Now — at a pressure of 60 atm, a temperature of 165°, 
and experiment duration of 6 hours and various 
air flow rates. From the graph it follows that 
the use of a catalyst increases the conversion 
‘Of butane, raises the yield of useful products and 
- ditects the process toward the predominant 
formation of acetic acid. 


Amount of useful products formed =" 


Fig. 2. The effect of the rate of air flow on the cat- 
alytic and noncatalytic oxidation of n-butane in a 
solvent. Pressure, 60 atm.; temperature 165°; duration 
of experiment, 6 hours. 

1) Acetic acid; 2) ethy! acetate, 3) methyl ethyl - 
ketone, 4) total of useful products; 5) ammount of butane 
reacted, a~ with catalyst (cobalt stearate, 0.018% of 
solvent weight), b- without catalyst. 
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SYNTHESIS OF 6,9-ENDOMETHYLENESPIRO~(4,5)-DECANE 


N. V. Elagina, T. V. Stabnikova and Academictam 
B. A, Kazanskif 


M, V, Lomonosov Moscow State University 


Previously we showed [1] that the dfene condensation of 2-methylenecyclohexanone-1 with cyclopeatadtene 
gave an unsaturated splroketone 1,4- (3), 


which was converted into a uicyclic splrohydrocarbon — 1,4-endomethylenespiro-(5,5)-undecane (Ll). 


In the present work we used the diene condensation of cyclic a-methylencketones with cyclopentadfene for 


the synthesis of yet another representative of the spirohydrocarbons with an endomethylene bridge in the molecule, 
6,9-endomethylenesplio-(4,5)-decane (iil). 


The reaction of 2-methylenecyclopentanone (IV) with cyclopentadiene (V) gave an unsaturated, tricyclic 
splroketone (VI). 


Due to Its tendency to polymerize, 2-methylenecyclopentanone-1 (IV) was introduced into the reaction as. 


the Mannich base (Vil) ~ which to 2-methylenecy 
clopentanone-1 and the secondary amine during the reaction, 


é 
. 4 
: 
CH 
. 
‘ 
> 
. 
Hy 
2 


Catalytle hydrogenation of the Ketone (V1) In the preseace of Rancy nickel In the cold yielded 6,9-endo=. 
methylencspiro-(4,5)-decanone-1 (VIL), which was converted to the hydrazone (1X) by treatment with 
agin The lattes was decomposed catalytically by N, M. Kizhnes’s method, 


Non 
a 


oe 


CH,—CH CH—CH 
—NHy 
The 6,9- -endomethyfenespiro- (4,5)-decane was a et mobile liquid with a terpene-like ue and had 
the following coastanis: b.p. 83°/12 mm; np 1.4899; d™, 0.9340; MRp found 46.50, calculated for CyHys 46.49. 


EXPERIMENTAL 


2-(N-Dimethylaminomethyl)-cyclopentanonc-1. Into a 1 liter, three-necked, round-bottomed flask, fitred 
with a stirrer with a seal, a reflux condenser, a dropping funnel and a gas inlet tube, was placed 163.2 g (2 moles) 
of cyclepentanone, 81.5 g (1 mole) of dimethylamine hydzochlozide and 100 g of 30% formalin solution (d= 2.092), 
containing 30 g-of formaldchyde (1 mole), The reaction was carried out In an atmosphere of nitrogen, The re- 
action mixture was heated gently, After 15 minutes a reaction began, which was accompanied by boiling of the 
mixture and at the end of this, the mixture was boiled for a further 10 minutes, 160 ml of water was added to the 
cooled reacifon mixture and the unreacted cyclopentanone was extracted with ether, 


133 g of a 30% aqueous solution of sodium hydroxide was added from a dropping funnel with stirring to an 
aqueous solution of the hydrochloride of 2-(N-dimethylaminomethyl)-cyclopentanone-1 cooled to -S. The 
free base separated on the surface of the reaction mixture as an olly layer. . 


The reaction mixture was extracted with ether and the ether solution dried over anhydrous magnesium sule 
fate. The ether was removed and the residue vacuum distilled in a stream of nitrogen. A second distillation 
yielded 56.2 g of 2-(N- dimethytaminometiagipeyetapenanone-2 (yleld 39.8% of theoretical) with the following 
constants: b.p. 84°/12 mm; n* *D 1.4598; d"4 0.9449; NRp found 40.91; calculated for CsH,,ON 40.55. 


Found %: C 68.44; 68.34; H 10.58; 22.72; N 9.93; 10 CsH,,ON. Calculated %: C 68,05; H 10. Ts 
N 9.92 


The colorless, quite mobile Mquid had a sharp, amine-like smell, . 
Literature data [2} b.p. 88-90°/15 mm. 


6,9-Endomethylenesniro-(4,5)- -decen-1-one-1, The experiment was performed In a steel autoclave with an 
electric heater, The temperature was measured with a chromel-alumel thermocouple, 


Into a 150 ml glass vessel was placed 42.4 g (0.3 mole) of freshly distilled 2-(N-dimethylaminomethy)- ; 
cyclopentanone-1, 29.7 g (0.45 mole) of cyclopentadiene and 1 g of hydroquinone, The vessel was placed in the © 
reactor of the autoclave, which was heated for 4 hours at 120°. After being cooled, the reaction mixture was 
dissolved in 200 mi of ether. The ether solution was washed with water, 5% hydrochloric acid, 5% soda solution 
and again with water and dried over anhydrous magneslum sulfate, The ether was removed and the residue frac 
tlonated in vacuum. We obtained 24,1 g of 6 .9-endomethylenespiro-(4, S)-decen-T-one-2 (yleld 49. 5% of theo- 
retical) with the following constants: b. P. 14°14 / 12 mm; 1.5120; 1.0584; MRp found 45.99; calcu 
lated for Cy,11,,0F 45.94, : ‘ 


Found %: C 81.28; 81,29; H 8.73; 8,77 C43H,,0. Found th: C 81.44; H 8.70 
The colorless, moblle liquid had a menthol-like smell, 


Afters two recrystallizations from cthyl alcohol, the seimicatbazone of 
had m.p. £00,5-201° (with decomp.). 


Found %: C 64. 91; 6S. 82, H 7.84; 7.88; N 19.37 Cy Calculated C 65. 12; 7.81 
‘N 19.17 : 


6,9- -(4,5)-decanone-1, Into a hydrogenation vessel of 250 ml capacity was placed 
23.5 g (0.145 mole) of 6,9-endomethylcnespiro-(4, 5)- decen-7-one-1, 1.2 g of Raney nickel and 150 ml of ethyl 
aicohol, Over a period of 2.5 hours, 3226 ml (0°, 760 mm) of hydrogen was absorbed and after this the hydrogenase 
‘won sate fell sharply and the experiment was stopped. . The alcool was removed and the ketone dried over arhye 
d:ous magnesium sulfate and vacuum distilled. We obtained 22.53 g of 6, »9-endomethylenespiro-{4, 5)-decanone-1 
(yleld 94.7% of theoretical) with the following constants: b.p. eed mm; n *bD 1.5020; ye 41.0402; MRp found 
46.60, calculated for 46.41, 


Found %: C 80.71; 80,67; H 9.73; 9.82 CyHy,0. Calculated %: C 80,44; H 9,82 


The colorless Mquid had a weak mentholelike smell. 


After the two recrystallizations from ethyl alcohol, the sem{carbazone ‘of 6,9-endomethylcnespiro-{4,5}-. 
¢ecanone-1 had m.p. 206.5-207.5°. 


Found %: C 65.40; 65,23; H 8. 69; 8. 56; N 18,92; 19.06 Cy2HyONs, Calculated %: C 65.11; 
H 8.65; N18.98- 


After two rectystallizations from ethyl alcohol, the oxime ef 6 yS-eoderiempnenyeess 5)-decanone-1 
had m.p. 95-95,5°. 


Found %: C 73,35; 73.47; H 9.44; 9.45; N 8,06; 8.14 C,,Hy,ON, Calculated %: C 73.70; H 9.56; 
N 1.81 


6,9-Endorneth ylenespiro-(4,5)-decane. Into a 500 ml round-bottomed Mask was placed 82.1 g (0.5 mole) 
of 6,9-endomethylene-(4,5)-decanone=1, 55.6 g (1 mole) of 90% hydrazine hydrate and 100 ml of ethyl alcohol. 
The flask was connected to a reflux condenser and heated for 6 hours on a glycerol bath, whose temperature was — 
kept at 115°. Then the alcohol and the unreacted hydrazine hydrate were distilled off from the reaction mixture, 
Solid potassium hydroxide was added to the residue. The hydrazone, which separated on the surface of the re- 
action mixture as an ofly layer, was separated and dried over fused potassium hydroxide. We obtained 93.6 gof 
the hydrazone of 6,9-endomethylenespiro-(4,5)-decanone-1 as a thick, light yellow oll, The hydrazone was de= 
composed catalytically without preliminary distillation. 


Into 2150 ml} Wurtz Mask, fitted with a thermometer and connected to a distillation condenser, was placed 
the hydrazone 6,9-endomethylenespiro-(4,5)-decanone-1, 2 g of freshly fused potassium hydroxide and 0.1 g of 
platinized charcoal. The mixture was heated on a metal bath, whose temperature was gradually talsed. At 170°, 
the hydrozone began to decompose vigorously. The hydrocarbon distilled off at a bath temperature of 230-240 
with the emergent vapor at 210 -220°, The distillate was dried over fused potassium hydroxide and distilled over 
a new portion of catalyst. The hydrocarbon obtained was washed with 50% acetic acid, water, 3% potassium hy 
droxide solution and again with water, dried over fused potash and vacuum distilled over metallic sodium, We 
obtained 52.5 g of 6,9-endomethylenespiro-(4,5)-decane (yield 10% of theoretical) with b.p. 78°/10 mm. 


The hydrocarbon obtained was vacuum distilled on a fractionating columa with a metal packing with an 
efficiency of 40 theoretical plates. We obtained a total of 88 g of 6 ,9-endomethylenespiro~(4,5)-decane with 
the following constants: b. p. mss mm, =F 12 mm; n™D 1.4899; d™, 0.9340; MRp found 46.50; calculated 
{cr 46.40 


Found %: C 87.78; 87.73; H 12.24; 12.10; Cully Calculated %: C 87.92; H12,.08 
The quite mobile, colorless liquid had a characteristic terpene-Hike smell, 
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THE PHASE COMPOSITION OF ALLOYS OF THE SYSTEM 
COBALT — BORON : 


P. T. Kolomytsev 
N. E, Zhukovskil Air Force Engineering Academy 
(Presented by Academician L P. Bardin, oe 1958) 


The alloys of the system cobalt — boron have tees studied by a series of tava who identifled sev- 
eral compounds of cobz}t with boron, 


The presence of the compounds Co,B and CoB, in addition to the compound ~- known at that time, was 
reported in the paper by Binet Ga Jenonneux 
BLE 1 
x-Ray Data for Co,KCoK, radiation) 
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Bjurstrom [2} carried out an x-ray analysis of the alloys of the cobalt— boron system. He examined 
the crystalline structure of the compounds Co,8 and CoB and showed that thse compounds were isomorphous with 
the corresponding borides of iron, Fe,B and FeB, By analyzing alloys with larger boron contents, Bjurstrom demon= 
strated the possibility of yet another phase existing in the system CoB, Koster and Miilfinger [3] considered that 
the first intermetal!ide phase in the Co— B system on the cobalt side was the compound Co,8 with a melting point 
of 1265°. From data on thermal and magnetic analysfs, the authors of the work [3] constructed a phase diagram 
the Co~B system up to 8.41% B, 


Academician N, P. Chizhevskil and B, A, Shmelev examined the alloys of the cobalt — boron system In de= 
tail [4} The authors carried out thermal analysis, metallographic and x-ray examinations and hardness 
and specific gravity determinations on alloys containing from 0.76-9.20% of boron and — a phase dla= 
gram, similar to the phase diagram of the Fe — B system. 
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Fig. 1. Microstructure of alloys In the cobalt ~ boron system: a) 7% 
B; b) 8.2%B. 500x 


Flg. 2. Microstructure of alloys of the cobalt — boroa system: a). 
15.3%B; b)15.7%B. 500x 


For the preparation we used charges of powdered cobalt, containing 99.43% cobalt, 0.21% nickel, 9.1% _ 
iron, 0.01% copper, 0.09% oxygea and 0.03% silicon, and amorphous boron, obtained by thermal dissociation of 
diborane, fired in vacuum and ae not less than 99.5% boron. The charges were carefully mixed and 
compressed, 


Samples weighing 10 g, melted in an atmosphere of pure argon, were homogenized at 1000° for 50 ie 


The alloys were x-rayed, using the powder methodand analyzed microscopically to measure the micro- 
. hardness on a PMT-3 apparatus under a load of 50 g. “Marks from microhardness measurements can ” seen 6a 
the microphotographs presented later. 


As a result of investigations in the cobalt ~ boron system, 4 congener were identified= — Cos CoB 
and a n-phase, apparently the diboride CoB, 


With a boron content of from 4 to 5. 16% the structure of the alloys consisted of an eutectic of « +Co,B and 
excess Crystals of the compound Co,B. An increase in the boron content above 5.8% leads to the appearance in 
the structure of the alloys of the compound Co,8, which was identified by both metallographic and x-ray. 
methods, Fig. 1 shows microphotographs of alloys containing 7 and 8.2% of boron, in which the CoB crystals are 
dark. The structure of the alloy with 7% of boron consists predominantly of grains of Co3B and light grains of ‘ 
Co,8, Crystals of Co38 form less of the structure of the alloy with 8.2% boron. 


An increase in the boron content from 8.4 to 15.5% leads to a decrease In the Co,8 and an Increase in the 
CoB content of the alloy structure, No stable esteem L semanas were obsetved between the compounds CoB 
and CoB, . 


1 . To examine the alloys of cobalt with boron, we prepared 20 samples, which contained 4% and more of 


With the boron content of 15.0% and more in the alloys, a new constituent appears iff the structure and this 
we call the a~phase, : 


TABLE 2 | 
x-Ray Data for CoB(CoKg radiation) 
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Fig, 2 shows the microstructure of alloys containing 15.3 and 15.7% of borou, The main component of the 
structure of these alloys is the serig pane CoB, In the alloy with 15.2% boron, the second constituent fs the boride 
Co,2 and in the alloy with 15.7% B,small inclusions of the n-phase, on which can be seen the impression of a 
diamond-shaped pyramid, The microstructure ef the alloy with the greatest amount of boron which we were able to 
introcuce (Fig. 3), consists predominantly oj the n-ph2se and a sma‘! amount of the boride CoB, 


Comparison of the dimensions of the marks of the diamond- 
shaped pytamid on the microphotographs preseuted shows that the ge 
phase is distinguished by great hardness, 


‘Measurements of the microhardness showed that the borides CoB, 
Cco8 and CoB possess the same hardness, equal to 1145 kg/ mm, while 
the microhardness of the q-phase is 2575 kg/ mm 


~The compound CoB has a grey color and a meiting point of 
1180°, The melting point was determined by constructing the cooling 
curve. For this Lgampees a 30 g sample was melted and cooled under 
vacuum at mm. 


The x-ray data for Co,B, obtained with CcKg radiation with 
Fig. 3.Microphotograph of an al an iron foil filter, are presented in Table 1 and x-rays of come 
loy with the structure of the g- pounds Co3B, Co,8 and CoB in Fig. 4, 


OE SEO, SPs The data presented indicate that the crystal lattice of Co,B is 
isomorphous with Ni;B, on which we presented the x-ray data in the paper [5} followed by N. L eas and M, N 
Kozlova et al. in paper [6} 


Fig 4 x-Rays of the boride: 3) Co,8; b) Co,B; ¢) CoB, 
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The x-ray data for Co,B, obtained on our samples, confirined the statement of Bjirstrom [2] et al. 
that the lattice of Co,B was Isomorplious with the Jattices of Fe,8 and Ni,B, 


The disposition of the Hncs in the x-sadiogram of the boride CoB (Fig. 4) differs considerably em the 


x-ray of the boride FeB, presented by Wever and Muller [1] and x-ray data for compound CoB, presented in Table 
% differs fons the results obtained jn work [2] and do not Indicate that the lattices of the compounds Co3 and FeB 


are lsomorphous, 


As a resutt of an investigation of the cobalt — boron system, the compound Co,8 was detected for the first 
time and its Jattice found to be fsomorphious with N1,B and x-ray data for compound Co8was determined more ac= 
curately, It was established that In the cobalt-boron system, the compounds Co,B, Co,B, and CoB have almost 
identical se ape equal to 1145 kg/ min? and the microhardness {s Increased by a factor of more than two to 
2515 kg/ mm? with the formation of the q~phase, which fs richer in boron, 


The authors are very grateful to Profecsor 1. L. Kornilov for his Interest In the work and te ” A. ‘Strckopytov 
for help with the experiments. 
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VINYL ESTERS OF PHOSPHOROUS ACID 


A. N. Nesmeyanov, I. F. Lutsenko, 
Z. S. Kraits and A. Bokovol 


M. V. Lomonosov Moscow State University 


In recent years a considerable number of papers have appeared on unsaturated esters of acids of phosphorus 
and this is connected with the fact that they have certain pecullarities 1} 


The few known representatives of full unsaturated esters of phosphorous acid are compounds of the ally! serfes 
and were prepared by A. E. Arbuzov and V. M. Zoroastrova and also by G. Kamai and N. A. Chadaeva [2} No 
example of a vinyl ester of phosphorous acid is knownsince the gencral methods of synthesizing esters of phospho- 
sous acid, Including allyl ones, are not appticable, 


At the same time, vinyl esters of phosphorous acid in particulzr ould be expected to have a serfles of 
peculiarities in their chemical behavior and above all in the Arbuzov rearrangement. Thus, though the ally! ester 
of phosphorous acid rearzanges only slightly more slowly than trimethyl] phosphite, ulviny! phosphite should be sim- 
iar to the nn ester of phsophorous acid in this respect; 


In order to study the conditions and also the directioa of the isomerization of vinyl esters of phosphorous 
acid, we prepared both compounds of the CH, and ROP(OCH= and also 
itself 


For the synthesis of vinyl esters of phosphorous acid, we used the reaction discovered by A. N. Nesmeyanov, 
I. F. Lutsenko znd Z. M, Tumanova (], which consists of the acylation of &-monomercutated oxo Compounds and 
proceeds with the transfer of the reaction center. 


Preliminary experiments on the reaction of chloromercuslacetaldchyde and sess. chiorophosphite showed 
that the reaction proceeded readily, ever. in the cold, by the equation: 


CiHgCH,CHO -+ CIP(OR), CH, = CHCP(OR)sHgCls 


however, the yields of vinyl esters obtained were very low and the substance was difficult to purify. This Is une 
doubtedly connected with the well-known fact that esters of phosphorous acid react with mercuric chloride {4}, 
To remove this difficulty, we reacted diethyl chlorophosphite with mercuribisacetaldehyde in isopentane and 
did not carry the reaction on to the formation of mercuric chloride, but only to chloromercuriacetaldehyde, 


+ CIP(OR)3 CH; = CHOP(OR); -+ CQHgCH,;CHO 


In this case, the dialkyl vinyl] phosphites were obtained in a yield of about 40% In the preparation of alkyl divinyl 
phosphite from Menshutkin’s acid chloride and merscuribisacetaldehyde, strong polymerizatlou was observed, 
at the very beginning of the reaction. The addition of an equivalent amount of base made it possible to depress 
polymerization and to obtain the alkyl divinyl esters in 50-60% yicld. The reaction of dialkyl chlorophosphite 
with mercuribisacetaldehyde in the presence of base gave higher yields of dialkyl vinyl phosphites (60-70%). Trice, 
cthylamine was the base used in all cases except with methyl] derivatives, when diethylamine was wed. ay 
trlviny) phosphite was obtained from and mercuriblsacetaldehyde, 
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To obtain the vinyl! esters of phosphorous acid In die yiclds given it was best to {Introduce not more than 
0.1 mole of mercury organic compound and amine {ito the reaction flask at ore time, After the addition of an’ 
equivalent amount of chlorophosphite, the next portion of mercuribisacetaldchyde and amine was Introduced, | 


The vinyl phosphites were readily hydrolyzed by water with considerable evolution of heat. The addition 
of Schiff's reagent immediately gave the charactcristle color, Triviny)] phosphite was rapidly hydrolyzed by even 
traces of moisture to form a white gel-like mass immediately, which evolved heat strongly after 1-2 min and 
darkened duc to tar formation by the acetalydehyde liberated, The constants, yfelds and analytical data of the 
esters obtained are given in Table 1, Vinyl esters of phosphorous acid added sulfur, when heated on a boliing 
water bath for G-8 hours, The constants and ylelds of the thtophosphates are given In Table 1, 


The oxidation of viny! esters of phosphorous acid under various conditions so as to prepare vinyl esters of 
phosphoric acid was unsuccessful due to ready polymerization, 


“Atthe present time we are studying the lsomerfzation reactions of the viny] phosphites obtained and these 
proceed with greater difficulty than those of trialky} phosphites, 


EXPERIMENTAL 


Preparation of dicthy] viny3 phosphite. 0.1 mote of mercusibisacetaldchyde and 0.1 mole of trlethylamine 
were added to 250 mi of isopentane; then 0.1 mole of cicthyl chtorophosphite in 50 ml of isopentane was added 
over a perlod of an hour with vigorous string. After this, 0.1 niole of mescuribisacetaldehyde and 0.1 mole of 
tricthylamine were again inuoduced, 0.1 mole of diethyl chlorophosphite added and the reaction mixture was 
stirred for a further hour, The isopentane was poured off from the precipitate and the residue was washed with 
isopentane (2% 50 ml). The solvent was removed and the residue distilled in a sueam of nitrogen. Two distillae 
tions yielded 20.5 g (63% of theoretical) of dicthylvinyl phosphite, 


Preparation of ethyl diviny] phosphite. 0.1 mole of merucuribisacetaldchyde and 0.1 mole of uiethylamine 
was introduced into 250 ml of isopentane and a solution of 0.05 mole of ethyl dichlorophosphite In 25 ml of iso 
pentane was added over a period of an hour with vigorous stirring. Then the same amounts of organomercury come 
pound and base were intorduced and the next 0.05 mole of ethyl dichlorophosphite added. Over a period of 4 hous, 
120 g (0.42 mole) of mercuribisacetaldehyde, 40.4 g (0.4 mole) of uicthytamine and 29.4 g (0.2 mole) of ethyl 
dichlorophosphite were inuoduced into the reaction, then the reaction mixture was stirred for a further 1 hour, the 
solvent poured off from the precipitate and the residue washceé with isopentane (2 x 50 ml). The isopentane was 
distilled from the combined solutions and the residue distilled In a stream of nitogen. Two distillations yielded 
19. 8 g (60% of theoretical) of ethyl divinyl phosphite. 


Preparation of trivinyl phosphite, Over a period of 3 hours, 135 g (0.48 mole) of mercuribisacetaldchyde, 
45.5 g (0.45 mole) of triethylamine and 20.5 g (0.15 mole) of phosphorus trichloride were introduced into 250 
ml of isopentane in 4 equal portions, then the reaction mixture was stirred for a further 1 hour, the solvent poused © 


from the precipitate and the residue washed with isopentane (2x 50 ml). The Lsopentane was removed and the 
residue distilled in a stream of nitrogen, Two distillations ylelded 11 g (46% of theoretical) of triviny] phosphite, 


Addition of sulfur to diethyl vinyl phosphite. 4.8 g (0.03 mcle) of diethyl vinyl Phephite andlg of sul fur 
were heated under reflux on a boiling water bath for 8 hours, 


‘The excess sulfur was sucked off and washed with 2 ml of fsopentane and the fijtrate distilled in vacuum, 
We obtained 4.5 g (79% of theoretical) of diethyl vinyl thiphosphate, Pheny! diviny! phosphite and nye vinyl 
— added sulfur, when the mixture was heated at 130-150° for 8 hours. 
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THE POLYMERIZATION OF a-BUTENE WITH A COMPLEX 
ORGANOMETALLIC CATALYST + TiCl, 


Academician A. V. Topchiev, B. A. Krentsel*®, 
N. A. Pokatilo and E. L. Erasova 


Aspects of stereospecific polymerization of a-olefins with complex organometallic catalysts have attracted 
the growing attention of many investigators in recent years, This fs exolained both by tie theozetical Interest of 
polymerizations with the production of stereoregulas polymers and by the techaically valuable properties of the prod= 
ucts formed. —_ J. Natta’s discovery of the synthesfs of sterecregular polypropylene, many communications 

. have appeared in the press on the investigation of the mechanism ofstere 
eo:pecific polymerization of a-olefins and the propesties of the poly- 
mers obtzined. This work has beea collected into published review are 
ticles by Soviet and foreign authors 1-4} 


There is litle data contained iz the literature on the oicaniaztii of 
high- molecular polymers based on a-butene, Apast from f{solated refer~ 
ences In the wozks of Natta et al. [S-8] on the propesties and structure 
of polybutene, there are no commuczications on this problem. In conrece 
tion with this, it seemed interesting to us to investigate some aspects of the 
polymerization of @-butene with the catalyst Al(C,H.)5+ TiCl, 


EXPERIMENTAL 
2 hours 


The starting butene was prepared by dehydration of n-butanol over 
Fig. 1, Dependence of poly- active aluminum oxide at a wie pee3 of 3£0-400°, According to vapor 
butylene yield on reaction phase chromatography (support ~ fizebrick, reagent — isoamy] phthalate), 
ume. the gas obtained contained eine: €7.88%, butene-2-cis, 14.54% and 
butene-2-trans, 17.58%, The wiethylaluminura was synthesized by a 
direct method irom ethylene, aluminum and hydrogen® The wiethylaluminium was used in a solution of purified 
benzine and according to analysis, it contained 54.38% of active A(C;H,),, 7.2% of ethoxy compound, 2,0% of 


Fig. 2, x-Ray of crystalline (a) and amorphous (b) polybutylene, 


. 


® The trlethylaluminum was synthesized by A. F. Popov, whom we take this opportunity to thank, 
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Fig. 3. Dependence of the characteristic viscosity of 
polybutylene (A) and content of crystalline part in poly~ 
butylene (B) on the molar ratio of the catalysts (C,H,4Al: 


TiCly 
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dlethylalumsaum hydride and 36.32% ofsolvent, 
The TiCl,used was commerical, analytical grade, 
The reaction was pesformed In dry ue 

heptane (distilled several times over metalile 
sodiurn and stored over inetallic sodium). The 
whole reaction system was first carefully Nushed 
with dry nitrogen, freed from oxygen, and the 
experiment performed under the conditions ace 
cepted for work with organometallle compounds, 


In all the experiments, the total amount 
of catalyst in solvent used was 5% and the reac © 
tion time 4 hours, As the graph in Fig. 1 shows, 
a further increase In the reaction time was not 
advantageous, 


At the end of the reaction, the residual 
catalyst was decomposed with Isopropyl alcohol, 
The solid polymer obtained wes washed with 


fsopropyl alc’ iol containing a small-amount of hydrochloric acid and then weated successively with pure Isopropyl 
alcohol and ..ot water, The washed polymer was crie¢ to constant weight at 60-70°, The product treated in this 


way contained up to 0.2% of ash, 


The prepared polymer was characterized by the melting point, characteristic viscosity and a hot fractiona- 
uon with the help of ether and n-heptane (9]. We should note that according to the data of Natta et al, (B] a 


certain part of poorly crystalline ae may be dissolved in boiling n-pentane, after extraction with ether, 
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Yield of product 


0 0 wv 
Fig. 4. Dependence of characteristic vis- 
- cosity of polybutylene (A) and the poly- 
_ butylene yleld (B) on the reaction tems 
perature, 


However, this was not confirmed by our preliminary experi- 
ments and therefore, we retained the order of extracdon given 
above, The part of the polymer dissolving {n boiling ether 
was taken as amorphous and that dissolving in heptane as ctys- 
talline. This agrees with the data given below on the x-ray 
structural analysis, performed by V. V. Shchekin and S, A. 
Gol'din and the authors would like to thank them for = 


- (Fig, 2). 


The characteristic viscosity of polybutene was deter=- 


mined by the usual method In decalin solution at 120°, As the 


gtaph illustrated in Fig. 3A shows, the ratio between the 
catalyst components has a significant effect on the character: 
istic viscosity of the polymer (temperature of experiments, 
20°) There fs a clearly expressed maximum in the charactere 
istic viscosity, corresponding to 2 molar ratlo of Al(C,Hg)3: 
TiCl, 8.3:1. However, as follcws from the graph shown 

in Fig. 4A and which refers to a serles of experiments carried 
out with the optimal ratio of catalyst components, with an ine 
crease in temperature, the characteristic viscosity of the 
polymer falls sharply and only at temperatures above 50° is 
the characteristic viscosity and consequently the chain-length 
of the polybutene macromolecules practically 

of temperature. 


In addition, the content of the crystalline part of the polymer also depends on the molar ratio denceen the . 
Catalyst components, This is illustrated by the graph in Fig. 3B, which passes through a maximum, close to the 
maximum for the curve of the dependence of characteristic viscosity on the molar composition of the catalyst, 
Thus there fs a clear relation between the content of  exystalline part in the polymer ; an its molecular weight, 


| 
| 
| 
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I. e, an increase in the content of the crystalline part fs sevciipanied by an increase in the molecular weight, 
_ The yleld of the polymer Is affected by the reaction temperature and, as ts shown by Fig. 4B, the optimum yleld 
{s observed at a reaction temperature betwecn 20 and 30° under the conditlon of our experiments, The molar 
composition of the catalyst also has some effect on the polymer yicld, but this fs not marked, 
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